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Asstract—The Hantkenina species of Trinidad and Barbados are described and 
their stratigraphic significance discussed. A new subgenus, Hantkeninella with 
H. primitiva Cushman and Jarvis as subgenerotype, is introduced and three new 
species, H. (Applinella) trinitatensis, H. (Hantkenina) thalmanni, and H. (Hant- 


kenina) suprasuturalis are proposed. 





INTRODUCTION 

HE spine-bearing foraminiferal genus 

Hantkenina Cushman 1925 comprises 
a number of pelagic species diagnostic for 
Eocene deposits. No Hantkenina has as yet 
been found in the Paleocene and it appears 
that there is no direct connection with the 
similarly spined Upper Cretaceous genus 
Schackoina Thalmann 1932. According to 
Thalmann (1942b) the earlier ontogenetic 
stages of Schackoina are slightly trochiform, 
while the adult stages become planispiral 
and involute. The tests of Hantkenina are 
usually planispiral throughout, although 
thin-sections show that a short trochoid 
initial stage, especially in the microspheric 
generation, can occur. Morphological con- 
siderations suggest that the two genera are 
related (Thalmann, 1942a) and it is probable 
that Schackoina, even if it is not the fore- 
runner of the Eocene Hantkenina, may have 
been derived from the same rotaloid ances- 
tor. 

Only one species of Hantkenina, H. inflata, 
is recorded from deposits of Oligocene age 
and it is supposed to be allochthonous 
(Thalmann, 1942b, pp. 817, 818). The 


Kaiatan stage in New Zealand which is 
characterized by the last occurrence of 
Hantkenina australis was regarded by Fin- 
lay and Marwick in 1940 to be of Oligocene 
age; today it is placed by these authors 
(1947) in the upper Eocene. In Trinidad and 
Barbados, no Oligocene Hantkeninae have 
been found to date. 

Thalmann (1942a, p. 8) stated that 
Hantkenina is not a facies-fossil as it occurs 
in marls and shales, whether sandy or 
argillaceous. Further, Hantkenina has also 
been observed in limestones by van Bellen 
(1946) in South Limburg, by Germeraad 
(1946) in Central Seran, and by Di Napoli 
Alliata (1943) in Italy. Most probably 
Hantkeninae were pelagic organisms, though 
Stainforth (1948, p. 127) in his recent paper 
on the Tertiary microfaunas of western 
Ecuador includes Hantkenina among the 
benthonic Foraminifera due to the ‘‘absence 
of direct evidence for pelagic life.”’ Its test, 
however, exhibits all the features which 
according to Kemna (1903) are characteris- 
tic of pelagic Foraminifera. 

On account of their mode of living pelag- 
ic Foraminifera may be found in sediments 
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of totally different habitus, and appear to 
be independent of environmental influences. 
Compared with the neritic-sublittoral en- 
vironment, the open-sea and reef environ- 
ments do not seem to have been subject to 
many or great physical changes during 
geological time and they can be regarded as 
fairly stable and quiet and thus exhibit con- 
stant evolutionary factors. Undisturbed 
orthogenetic bioseries and extremely wide- 
spread distribution in a variety of sedi- 
ments make the pelagic Foraminifera in 
general the most valuable small index fossils 
for zonal subdivision and _ inter-regional 
correlation. 

The development of radial spines in addi- 
tion to the characteristic planispiral, gen- 
erally involute and bilaterally compressed 
test, makes representatives of Hantkenina 
s.l. easily recognizable and hence renders 
these fossils even more important for bio- 
stratigraphic work. 

According to Thalmann (1942a, fig. 1) 
and additional recent information, Hant- 
keninae have been encountered between 
longitudes 122° W. and 177° E. and from 
latitude 51° N. to 38° S., an area which 
corresponds to that of the Eocene Tethys. 
The northernmost occurrence is that of 
South Limburg (Holland) (van Bellen, 
1946). 
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SYSTEMATIC SUBDIVISION 


The genus Hantkenina was introduced in 
1925 by Cushman with H. alabamensis 
Cushman as genotype, and subsequently 
numerous species have been described by 
various authors from a number of Eocene 
localities: 

H. kochi (Hantken 1875) Cushman 1925 

HH. brevispina Cushman 1925 

H. longispina Cushman 1925 

H. mexicana Cushman 1925 

HT. inflata Howe 1928 

H. lehneri Cushman and Jarvis 1929 

HI. alabamensis var. primitiva Cushman 

and Jarvis 1929 

H. dumblei Weinzierl and Applin 1929 

IT. mexicana var. aragonensis Nuttall 1930 

II. mccordi Howe and Wallace 1932 

H. danvillensis Howe and Wallace 1934 

H. hamata (Brotzen 1934) Thalmann 1942 

I. liebusi Shokhina 1937 

H. australis Finlay 1939 

H. bermudezi Thalmann 1942 

H. alabamensis subsp. compressa Parr 

1947. 


Bermudez (1937b) proposed the subgenus 
Sporohantkenina, with H. brevispina Cush- 
man 1925 as subgenotype. However, Ber- 
mudez’s specimens are not identical with 
the true H. brevispina, which belongs to the 
subgenus Hantkenina s.s. Sporohantkenina 
therefore falls into the synonymy of the 
latter subgenus. (See Cribrohantkenina Thal- 
mann 1942.) 

In 1942, Thalmann (1942a, 1942b) as- 
signed the species of Hantkenina to several 
subgenera. In his first paper (1942a), he 
introduced four groups based on the mor- 
phologic features of the tests, without pro- 
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posing subgeneric names. In the second 
paper of the same year (1942b), the following 
subgenera were established: 

Subgenus Aragonella Thalmann 1942. 
Subgenotype: Hantkenina mexicana Cush- 
man var. aragonensis Nuttall 1930. Lower 
Eocene. Aragon formation, eastern Mexico. 

The following species were originally 
alloted to this subgenus: //. aragonensis, H. 
mexicana, II. lehneri, and H. longispina. 

Subgenus Applinella Thalmann 1942. 
Subgenotype: //antkenina dumblei Wein- 
zierl and Applin 1929. Eocene, Yegua forma- 
tion, eastern Texas, U. S. A. 

The following species were assigned to 
this subgenus: H. dumblei and H. liebusi. 

Subgenus Hantkenina Cushman, s.s. Sub- 
genotype: Hantkenina alabamensis Cushman 
1925. Upper Eocene, ‘‘Zeuglodon beds,”’ 
Cocoa Post Office, Alabama, U. S. A. 

Thalmann included the following species 
in Hantkenina s.s.: II. alabamensis, H. 
primitiva, H. kochi, H. brevispina, HH. hamata, 
and H. australis. 

Subgenus Cribrohantkenina Thalmann 
1942. Subgenotype: //antkenina (Sporo- 
hantkenina) brevispina (Cushman) of Ber- 
mudez 1937, (=Hantkenina |Cribrohant- 
kenina| bermudezi Thalmann 1942). Upper 
Eocene, Chapapote formation of Mexico, 
and upper Eocene of Camaguey Province, 
Cuba. This subgenus was elevated to gen- 
eric rank by Cushman (1948). 

This group contains, according to Thal- 
mann, the following species: JJ. inflata, IH. 
danvillensis, IT. mccordi, and H. bermudezt. 


MORPHOLOGICAL CRITERIA AND THEIR 
APPLICATION TO TRINIDAD AND 
BARBADOS SPECIMENS 


The morphological criteria on which the 
subdivision of H/antkenina s.l. is based are 
essentially adopted from Thalmann’s dis- 
cussions. They are mainly concerned with 
the general appearance of the test, the shape 
and arrangement of the chambers, the posi- 
tion of the spines in relation to the sutures 
of the chamber from which they arise, the 
development of the sutures, and the struc- 
ture of the aperture. During this investiga- 
tion additional observations pertaining to 
the morphological features and their onto- 
genetic changes were made. They led to 
some amplifications of Thalmann’s sub- 
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generic definitions which are compiled in 
table 1. The terminology of the test is 
shown in text-figure 1. 

Almost all the species of Hantkenina s.1. 
from the Trinidad and Barbados localities, 
including the newly established species, can 
be placed in the subgenera established by 
Thalmann. Comparison of the various 
morphological features, however, and es- 
pecially the presence and the position of 
the spines in relation to the sutures and the 
structure of the aperture, seems to warrant 
the introduction of another subgenus JJant- 
keninella, and a slightly different allocation 
of species than that proposed by Thalmann 
(1942b). 


HANTKENINELLA Bronnimann, n. subgen. 


Hantkenina primitiva Cushman and Jar- 
vis, characterized by its spineless early 
ontogenetic stages, was included by Thal- 
mann (1942b) in the subgenus Hantkenina 
s.s. On account of its structure which differs 
essentially from the types assigned to 
Hantkenina s.s., we feel that the recognition 
of another subgenus, with H. alabamensis 
var. primitiva Cushman and Jarvis 1929 as 
subgenotype, is justified. The name Hant- 
keninella already has been introduced by 
Thalmann (1942b, p. 817, table II), but it 
was not defined and therefore was a nomen 
nudum. Dr. Thalmann (personal communi- 
cation) originally intended to use this term 
for the group of forms represented by H. 
primitiva Cushman and Jarvis. 

The new subgenus is defined as follows: 

Test subelliptical; generally small; closely 
coiled with tendency to become evolute; 
inner portion of last whorl lobulate. Cham- 
bers inflated; broader than long; increasing 
rapidly in size; subglobular in early portion 
of last whorl; end chamber usually con- 
siderably larger than preceding one. Spines 
situated below, on or above the anterior 
sutures; early chambers without spines. 
Sutures distinct; straight to slightly curved. 
Aperture a tripartite arched slit; small lip- 
like lateral projections present. 

This subgenus contains at present only 
the type species. 


SYSTEMATIC POSITION OF Hantkenina 
(A pplinella) longispina (Cushman) 


The only change proposed in the alloca- 
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Fic. 1—Hantkenina (Hantkenina) alabamensis (Cushman) 
A. Side view. B. Apertural view. 


1 End chamber of last whorl 

2 Anterior spine of end chamber 
3 Hollow axis of spine 

4 Tangential diameter of chamber 
5 Radial diameter of chamber 

6 Posterior spine of end chamber 
7 Anterior suture of end chamber 
8 Posterior suture of end chamber 
9 Axis of chamber 

10 Perforations of chamber walls 


tion of species affects H. longispina Cush- 
man which is considered to belong to the 
subgenus A pplinella, with a more progres- 
sive insertion of the spines and with a 
more complex aperture than Aragonella, to 
which it was previously assigned. The sub- 
genus A pplinella, however, appears to be of 
heterogeneous composition and it is prob- 
able that future investigations based on 
the comparison of successive ontogenetic 
stages and especially of the structure of the 
initial portion of the test may necessitate 
splitting Applinella into at least two addi- 





11 Umbilicus 

12 Lateral lip-like projections of aperture 

13 First chamber of last whorl 

14 Granulation 

15 Frontal length of chamber 

16 Maximum diameter of test without spines 
17 Length of spine 

18 Apertural slit 

19 Basal lobes of aperture 


tional groups, one embracing the forms of 
the liebusi-trinitatensis type and the other 
those of the longispina type. 

At present, the following systematic 
distribution of the Trinidad and Barbados 
Hantkenina is proposed: 


Subgenus Aragonella 
H. lehneri Cushman and Jarvis 
H. mexicana Cushman 
H. aff. mexicana Cushman 
Subgenus A pplinella 
H. dumblei Weinzierl and Applin 
H. longispina Cushman 
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H. liebust Shokhina 

H. trinitatensis n. sp. 
Subgenus Hantkenina 

H. alabamensis Cushman 

H. australis Finlay 

H. thalmannzi n. sp. 

H. suprasuturalis n. sp. 
Subgenus Hantkeninella 

H. primitiva Cushman and Jarvis 
Subgenus Cribrohantkenina 

H. bermudezi Thalmann 
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detailed analysis of the individual Ham. 
kenina assemblages which are known from 
the accompanying foraminiferal fauna to 
belong either to the Navet or to one of the 
upper Eocene formations. The stratigraphic 
ranges of the various species of Hantkening 
as given in table 2 are derived from the 
composition of the individual assemblages 
and therefore are only relative. Reworking 
of thes Navet Foraminifera in the upper 
Eocene deposits is a very common phenom. 


TABLE 2.—STRATIGRAPHIC DISTRIBUTION OF Hantkenina s.L. IN TRINIDAD 








Lower an 
Sub- 








d middle Eocene | Upper Eocene San Fernando 
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H. primitiva | 


| Hant- | 
| kent- 
| nella 


H. bermudezi | 


Cribro- 
hant- 
| kenina 


| 


STRATIGRAPHIC DISTRIBUTION OF 
Hantkenina Ss... 


TRINIDAD 


The 11 species described in this paper 
from Trinidad occur at numerous localities 
situated within and south of the Central 
Range. The genus is extremely well repre- 
sented in the lower to middle Eocene de- 
posits which form part of the Navet forma- 
tion and in the upper Eocene Hospital 
’ Hill and Mt. Moriah formations (San Fer- 
nando group). The stratigraphic distribu- 
tion of the various species is based on a 





enon. Allochthonous occurrences have been 
eliminated in establishing the distribution 
chart (table 2). 

The stratigraphic distribution 
clearly that with the exception of J/. longi- 
spina there is, contrary to expectation, no 
overlap between the lower and _ middle 
Eocene and the upper Eocene series. 
Upper Eocene representatives of one species 
H. longispina, are marked ‘‘cf.,”" which 
denotes uncertainty in their determination 
since only fragments of tests were present. 
Some of these fragments could be JJ. ala- 
bamensis which shows more primitive inser- 
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tion of the spines in the early portion of the 
last whorl. Except for these specimens, 
Hantkeninae are excellent diagnostic fossils 
not only for the Eocene in general, but also 
for distinguishing the upper Eocene from 
the lower and middle Eocene. No Hant- 
kenina was found in the Oligocene or Paleo- 
cene deposits of Trinidad. 

Navet formation.—This formation occurs 
as isolated marl outcrops on tectonic up- 
lifts and continuous surface sections through 
it are not known. The relative stratigraphic 
position of the individual marls, therefore, 
is not fully established by field evidence. 
The basal part of the Navet formation, the 
Ramdat marl, does not yield Hantkenina, 
thus indicating a greater age than lower 
Eocene for this marl. The lower to middle 
Eocene Hantkenina-bearing marls were ten- 
tatively arranged in their relative strati- 
graphic positions on faunal evidence by 
Cushman and Renz (1948, p. 2), a sequence 
which is still retained. It is, however, only 
in a general way reflected by the strati- 
graphic distribution of the Hantkeninae. 
The morphologically primitive species, H. 
lehneri, is known in its typical form only 
from a marl-wedge outcropping in a mud- 
flow in the Moruga River area, but speci- 
mens referable to this species seem to be 
present also in material from the Friendship 
Quarry, near mile-post 5 of the San Fer- 
nando—Princes Town Road. Assemblages 
from the Friendship Quarry show a charac- 
teristic predominance of the most primitive 
form of the whole group, H. mexicana, 
which at this time reached its maximum 
development. JI. longispina, on the other 
hand, which represents morphologically the 
most progressive middle Eocene type, is 
rarely found in the Friendship Quarry marl, 
but it predominates in the Dunmore Hill 
marl. This combination of species, in com- 
parison with that of the other Navet as- 
semblages, points to a relatively lower 
stratigraphic position for the Friendship 
Quarry assemblages. This confirms the 


assumption of Cushman and Renz who 
placed this marl at the base of the strati- 
graphic sequence of the Hantkenina-bearing 
Navet marls. The Navet marl outcropping 
in the mudflow of the Moruga River area 
contains, besides Globorotalia lehneri Cush- 
man and Jarvis, mostly //. lehneri together 


with H. mexicana (rare) and H. dumblei 
(common) which combination suggests an 
age younger than that of the Friendship 
Quarry assemblage. 

The analysis of the remaining Navet as- 
semblages, on the basis of Hantkeninae, has 
not resulted in a more accurate age determi- 
nation of these marls. 

San Fernando group.—The investigated 
assemblages of upper Eocene age come 
from isolated outcrops of the Hospital Hill 
formation (pelagic facies type) and from 
the lower part of the Mt. Moriah formation 
(Cushman and Stainforth, 1945, p. 10) 
(neritic facies type) including the inter- 
bedded orbitoidal limestone of Vista Bella 
(Cushman and Renz, 1948, p. 3) in a tec- 
tonically rather complicated area. Therefore 
the exact relative stratigraphic positions of 
the individual samples is usually not 
known. No Hantkenina was encountered 
in the upper part of the Mt. Moriah forma- 
tion. 

H. bermudezi, the morphologically most 
progressive species of the Hantkenina 
bioseries, has never been found in its typical 
form together with HZ. liebusi and H. trini- 
latensis, two species which co-existed with 
HH. alabamensis, H. suprasuturalis, H. primi- 
tiva, and I. cf. longispina. This distribution 
indicates a relatively greater age for the 
HH. alabamensis—H. liebusi assemblage than 
for the H. alabamensis—H. bermudezi as- 
semblage. 


BARBADOS 


The lower Hantkenina-bearing part of the 
Oceanic formation is, according to Senn 
(1940, 1948), of late middle and upper 
Eocene age. The /Hantkenina assemblages 
show a stratigraphic distribution which is 
virtually identical with that of Trinidad. 

Only eight species were found in the 
Oceanic formation of Barbados (table 3). 
One of them, H/. australis, does not occur 
in Trinidad. No typical representatives of 
H. bermudezi were encountered. 


PHYLOGENETIC CONCLUSIONS 


The following tentative remarks on the 
phylogeny of Hantkenina s.|. are based on 
the external features of the test alone. No 
thin-sections are available and therefore it 
is not possible to analyze the complete on- 
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togeny; it appears, however, that the ex- 
ternal features permit at least some approxi- 
mate grouping. In general, the characteris- 
tics of the adult test alone, viz., the struc- 
ture and the ontogeny of the last-formed 
whorl, were considered in order to establish 
the phylogenetic position of a particular 
species. Successive stages of growth which 
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the definition of subgenera (morphologic 
criteria). The presence and arrangement 
of spines is the most important feature as 
it is not only exposed throughout the last 
formed whorl which consists of four to seven 
chambers, but it can be expressed in an 
exact way comparable with the determina. 
tion of the number of periembryonic cham. 


TABLE 3.—STRATIGRAPHIC DISTRIBUTION OF Hantkenina s.L. IN BARBADOS 
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correspond to successive ontogenetic stages 
were only exceptionally obtainable, e.g., in 
a beautifully preserved assemblage of //. 
(Cribrohantkenina) bermudezi from the Mt. 
Moriah formation. Observations of this kind 
naturally are very valuable and contribute 
considerably to the understanding of evolu- 
tionary trends. 

Evolutionary trends of morphologic features. 
—Morphologic features of the adult test 
which can be arranged in orthogenetic series 
are: 

1. Presence and insertion of spines in 

relation to anterior suture. 

2. Shape of aperture. 

3. Arrangement and shape of chambers. 

These structural characters are essentially 
those used by Thalmann (1942a, 1942b) for 


bers in the juvenarium of Lepidocyclina or 
Cycloclypeus. The other features are more 
difficult to observe, to characterize and in 
addition to bring into a form which can be 
used for comparison. The above mentioned 
structural characters exhibit the following 
trends or orthogenetic series, from the lower 
and middle to the upper Eocene: 

Spines present throughout last whorl; 
situated in prolongation of chamber-axis 
or below anterior suture. Changing to spines 
present throughout last whorl; situated in 
prolongation of anterior suture or above 
anterior suture. In some forms of doubtful 
origin spines are only present in final portion 
of last whorl, situated below, in the pro- 
longation or above anterior suture. 

Aperture a simple arched slit, changing 
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toa simple tripartite arched slit or-becoming 
multiple, consisting of circular pores and 
basal slit. 

Chambers more or less separated by 
peripheral incisions, compressed or cylindri- 
cal, changing to chambers not separated at 
the periphery, more or less inflated to_sub- 
globular, not enveloping to enveloping. 

Bioseries—An attempt to establish bio- 
series or natural sequences of species which 
follow each other in geologic time and which 
are interrelated by orthogenetic series of 
morphologic features revealed a much more 
complex pattern than had been expected. 
This is partly due to the fact that the exact 
stratigraphic position of one of the struc- 
turally most interesting and singular species, 
H. lehneri, is not known beyond doubt and 
that, on the other hand, H. primtitiva, H. 
liebusi, and H. trinitatensis, all of known 
stratigraphic position, are structurally diffi- 
cult to interpret and to place in bioseries. 

The most primitive and also the strati- 
graphically oldest species is H. mexicana. 
From this probable ancestor sprang, as 
shown in text-figure 2, at least two, but pos- 
sibly four, species or groups of species. 

Both H. lehneri and H. dumblei are speci- 
alized end-forms. H. liebusi and H. trini- 
tatensis are closely related and on account 
of the primitive mexicana-like appearance 
of small H. liebusi, they are believed to 
have originated directly from H. mexicana. 
The H. liebusi group reached its maximum 
development during upper Eocene time. 
Though not as striking, it may be compared 
with the acme of H. alabamensis and its 
related species, which are the most abundant 
and characteristic upper Eocene forms. 
The development of the subgenus Hant- 
kenina s.s. in upper Eocene time can, with 
some justification, be called explosive. 

The upper Eocene end-forms of the sub- 
genus Cribrohantkenina are believed to have 
been derived from H. alabamensis, whereas 
the derivation of the partially spineless H. 
primitiva is still problematic. Also H. supra- 
suturalis and H. bermudezi display two 
different trends in the development of the 
last chamber which in both species tend to 
envelop parts of the adjacent older cham- 
ber. In H. suprasuturalis, the aperture re- 
mains simple and tripartite as in H. ala- 
bamensis, and the last chambers are laterally 


compressed, whereas in H. bermudezi the 
aperture becomes multiple and the last 
chamber is inflated, sometimes even be- 
coming subglobular and bulbose. 

The genus Hantkenina became extinct 
with the disappearance of these highly 
specialized end-forms, which according to 
Thalmann (1942b, p. 815) suggest phylo- 
gerontism in their structural characteristics. 


DESCRIPTION OF SPECIES 
Family HANTKENINIDAE 
Genus HANTKENINA Cushman 1925 
Subgenus ARAGONELLA Thalmann 1942 
HANTKENINA (ARAGONELLA) MEXICANA 
Cushman 
Plate 55, figures 1-6 


Hantkenina mexicana CUSHMAN, 1925, Proc. 
U. S. Nat. Museum, vol. 66, no. 2567, p. 3, 
pl. 2, fig. 2; ——, 1927, Jour. Paleontology, 
vol. 1, p. 160, pl. 25, fig. 18; NuTTALL, 1930, 
idem, vol. 4, p. 284, pl. 23, figs. 13, 17; SHOK- 
HINA, 1937, Moscow Univ. Lab. Pal., Prob. 
Pal., vols. 2-3, pp. 432-433, 439, 447, 452, 
pl. 2, figs. 5-8, p. 433; text-fig. 55; Rey, 1939, 
Soc. géol. France. Bull., sér. 4, vol. 8, fasc. 
5-6, pp. 322, 328, 331, pl. 22, figs. 4, 5, p. 328, 
text-fig. c; THALMANN, 1942, Stanford Univ. 
Pub. Geol. Sci., vol. 3, no. 1 (listed only); 
SELLI, 1944; Giorn. di Geologia (Bologna), 
vol. 17, p. 74, pl. 2; fig. 8; GLAESSNER, 1945, 
Princ. Micropaleont., p. 150, text-fig. 32. 

Hantkenina mexicana var. aragonensis NUTTALL, 
1930, Jour. Paleontology, vol. 4, pp. 284-285, 
pl. 24, figs. 1-3; SHoKHINA, 1937, Moscow 
Univ. Lab. Pal., Prob. Pal., vols. 2-3, pp. 433, 
436, 439, 449, 452, pl. 2, figs. 9-11; Rey, 1939, 
Soc. géol. France Bull., sér 5, vol. 8, fasc. 5-6, 
pp. 323, 328, pl. 22, fig. 3, p. 328; text-fig. b. 

Hantkenina longispina var. mexicana THALMANN, 
1934, Palio. Zeitschr., vol. 16, p. 120 (listed 
only). 

Hantkenina longispina var. aragonensis THAL- 
MANN, 1934, Palio. Zeitschr., vol. 16, p. 120 
(listed only). 

Hantkenina aff. mexicana NUTTALL, 1935, Jour. 
Paleontology, vol. 9, p. 130; SuBBoTINA, 1936, 
Trav. Inst. Geol. Naphte, Léningrad, sér. A, 
fasc. 96, pp. 11, 17, 18, pl. 4, figs. 7-8. 

(?) Hantkenina cf. mexicana SHOKHINA, 1937, 
Moscow Univ. Lab. Pal., Prob. Pal., vols. 2-3, 
p. 433, text-figs. 50-51. 

Hantkenina ex gr. mexicana SUBBOTINA, 1939, 
Trans. Oil Geol. Inst., Leningrad, ser. A, fasc. 
116, pp. 43, 44, 46, 47, pl. 1, figs. 5, a—b. 

Hantkenina liebusi Rey, 1939, Soc. géol. France 
Bull., sér. 5, vol. 8, fasc. 5-6, pl. 22, fig. 7. 

Hantkenina (Aragonella) mexicana THALMANN, 
1942, Am. Jour. Sci., vol. 240, p. 812 (listed 
only). 

Hantkenina aragonensis THALMANN, 1942, Stan- 
ford Univ. Pub. Geol. Sci., vol. 3, no. 1; CUsH- 


MAN and Renz, 1948, Cushman Lab. Foram 
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Research Special Pub. 24, p. 39, pl. 7, figs. 18- 


20. ‘ 
Hantkenina (Aragonella) aragonensis THALMANN, 


1942, Am. Jour. Sci., vol. 240, p. 811, pl. 1, 
tastes mexicana aragonensis SELLI, 1944, 

Giorn. Geologia (Bologna), p. 75. 

Holotype.—Proc. U.S. Nat. Museum, vol. 
66, pl. 2, fig. 2; 75X, USNM No. 353081. 
Upper Eocene, Alazan. Yellowish brown 
clay; middle Eocene Guayabal formation, 
according to Nuttall (1930, p. 284). La 
Laja, Zardo Creek, 1 km. southwest of 
Tierra Colorado, Mexico. 

Description.—Hantkenina mexicana shows 
five to six compressed to slightly inflated 
and loosely coiled chambers. They are 
longer than broad and increase gradually in 
size. Peripherally the chambers are well 
separated, thus producing the characteristic 
star-like outline. The sutures are straight 
and distinct, the open umbilical depression 
well developed, but shallow and generally 
filled with matrix. The chambers taper more 
or less gradually into large, hollow spines 
which are situated in the prolongation of 
the chamber-axis. In the last formed cham- 
bers the spines tend to shift toward the an- 
terior suture. The spines of the specimens 
at hand are commonly broken off or dam- 
aged. 

The aperture is not clearly recognizable, 
the end chamber usually being distorted 
or crushed and the openings filled with 
matrix. It consists of a rather narrow arched 
slit, which starts at the base of the cham- 
ber and extends one-third to one-half of 
its total height. There are no basal lobes 
present, but very thin lips seem to be de- 
veloped; the latter might be fragments of 
broken walls of the younger chamber. The 
aperture is not described from the original 
material. The walls appear to be thick; 
they are perforate. The surface is smooth. 

Maximum diameter without spines: 0.3- 
0.8 mm. 

Length of spines: +0.2 mm. 

Remarks—The specimens described by 
Cushman in 1925 came from an exposure of 
the upper Eocene ‘“‘Alazan clay” of the 
Tampico embayment region, Mexico, which 
was later referred by Nuttall to the middle 
Eocene Guayabal formation. In the same 
paper (1930, p. 284), Nuttall also described 
from the lower Eocene Aragon formation 


and the middle Eocene Guayabal formation, 
a new variety, H. mexicana var. aragonensis, 
which differs from the original species 
‘““..in generally having larger more in- 
flated chambers, which always taper more 
gradually into the terminal spines.” 

Thalmann (1942a) proposed specific rank 
for this variety and in a second paper of the 
year (1942b) introduced Aragonella as a 
subgenus of Hantkenina, with H. mexicana 
var. aragonensis Nuttall as subgenotype. A 
comparison of Cushman’s original figure of 
HT. mexicana (1925, pl. 2, fig. 2) with Nut- 
tall’s figures of H. mexicana (1930, pl. 23, 
figs. 13, 17) and of H. mexicana var. ara- 
gonensis (1930, pl. 24, figs. 1-3) shows 
clearly that the species and its variety are 
very closely related. 

There is no doubt that Cushman’s H. 
mexicana and Nuttall’s variety aragonensis 
belong in the same group of primitive star- 
like Hantkeninae. In the present material it 
was extremely difficult to distinguish con- 
sistently between them and therefore it is 
considered that the two forms are the ex- 
treme variants of a single species, connected 
by transitional forms. 

Unfortunately, no original material from 
the type locality of H. mexicana could be 
obtained for comparative studies. 

Occurrence.—Trinidad: Navet formation 
(lower and middle Eocene). Barbados: 
Oceanic formation (middle Eocene part). 


HANTKENINA (ARAGONELLA) aff. MEXI- 
CANA Cushman 
Plate 55, figures 9, 10, 14 


Description—A few specimens from the 
middle Eocene of Trinidad and Barbados 
which in their general features approach H. 
mexicana are recorded here. 

The test is rather small and more closely 
coiled and its outline is not as lobulate as in 
typical H. mexicana. The spines are better 
separated from the chamber proper, and in 
the early chambers they lie in the prolonga- 
tion of the chamber-axis; those of the last 
chambers shift distinctly toward the an- 
terior sutures. The surface of the early cham- 
bers is coarsely granulate. The aperture is 
not visible. 

Maximum diameter without spines: +0.4 
mm. 

Length of spines: +0.2 mm. 
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Remarks.—These specimens may be in- 
termediate between H. mexicana and H. 
longispina or H. dumblei, in which only the 
spines of the early ontogenetic stages are 
situated in the prolongations of the chamber- 
axis. Also indicative of a transitional posi- 
tion is the differentiation between chambers 
and spines. 

Occurrence.—Trinidad: Navet formation 
(lower and middle Eocene). Barbados: 
Oceanic formation (middle Eocene part). 


HANTKENINA (ARAGONELLA) LEHNERI 
Cushman and Jarvis 
Plate 55, figures 7, 8 

Hantkenina lehneri CUSHMAN and Jarvis, 1929, 
Cushman Lab. Foram. Research Contr., vol. 5, 
p. 16, pl. 3, fig. 8; SHoKHINA, 1937, Moscow 
Univ. Lab. Pal., Prob. Pal., vols. 2-3, pp. 435, 
439, 449, 452, pl. 2, fig. 1 (after Cushman and 
Jarvis); THALMANN, 1942, Stanford Univ. Pub. 
Geol. Sci., vol. 3, no. 1 (listed only). 

Hantkenina longispina var. lehneri THALMANN, 
1934, Palio. Zeitschr., vol. 16, p. 120 (listed 
only). 

(?) Hantkenina lehneri Rey, 1939, Soc. géol. 
France Bull., sér. 5, vol. 8, pp. 328, 331, p. 328, 
text-fig. d. 

Hantkenina (Aragonella) lehneri THALMANN, 
1942, Am. Jour. Sci., vol. 240, p. 812 (listed 
only). 

Holotype—Cushman Lab. Foram. Re- 
search Contr., vol. 5, pl. 3, fig. 8; 55X. Cush- 
man Collection No. 10071. Eocene, lowest 
marl. Near source of Moruga River, Trini- 
dad., B.W.I. 

Description.—The conspicuously lobulate 
and loosely coiled test consists of five to six 
large, more or less cylindrical chambers 
which are considerably longer than broad 
and deeply separated from each other at 
the periphery. The finger-like chambers 
increase in size as added and the end cham- 
ber is usually much larger than the preced- 
ing ones. Sutures are straight and distinct; 
the open umbilical depression is rather shal- 
low and usually filled with matrix. The hol- 
low spines are mostly broken, but from the 
position of the fractured portions and the 
arrangement of well preserved spines, it 
can be inferred that they are in the axial 
prolongation of the chambers only in the 
early ontogenetic stages, later shifting to- 
ward the anterior suture. 

The surface appears to be coarse but this 
may be due partly to the rather bad state 
of preservation. As the chambers are usually 
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somewhat crushed the aperture is not recog. 
nizable in detail. The original figure and the 
description do not give any information con. 
cerning its nature. The present specimens 
show, however, that the aperture is a narrow 
arched slit, extending from the base of the 
chamber to about one-fourth to one-third of 
its total height. There are no basal lobes 
developed and no lips seem to be present, 

Maximum diameter without spines:0.5- 
0.7 mm. 

Length of spines: +0.1 mm. 

Remarks.—This species resembles JH. 
mexicana and H. dumblei, but its distinct, 
almost cylindrical, finger-like end chambers 
are characteristic. 

Hantkenina lehneri was described by 
Cushman and Jarvis from the Eocene “‘Low- 
est marl’’ near the source of the Moruga 
River, Trinidad, B.W.I., collected by Dr. 
E. Lehner. Unfortunately, the designation 
of the original sample by Cushman and 
Jarvis is inadequate and consequently it 
could not be located in the collections of the 
Geological Laboratory of Trinidad Lease- 
holds Ltd. at Pointe-a-Pierre, Trinidad. A 
sample collected in 1927 by Dr. Lehner 
from the Trinity Hill Reserve, Moruga 
River, South Trinidad (E.L. 285; T.L.L. 
Cat No. 69), however, contains exactly the 
same types and these samples may be the 
same. Sample E. L. 285 came from a marl 
outcrop in a mudflow and yields an appar- 
ently pure Navet assemblage with Globoro- 
talia lehnert Cushman and Jarvis, 4. 
lehneri, H. dumblei, and H. mexicana. This 
is the only assemblage from the numerous 
lower and middle Eocene localities of 
Trinidad and Barbados analyzed by the 
writer which yielded typical specimens of 
H. lehneri. Some specimens from the Friend- 
ship Quarry on the San Fernando—Princes 
Town Road, Trinidad, are very close to this 
species. 

Occurrence.—Trinidad: Navet formation 
(lower and middle Eocene), outcropping 
in a mudflow. 


Subgenus APPLINELLA Thalmann 1942 
HANTKENINA (APPLINELLA) DUMBLEI 
Weinzierl and Applin 
Plate 55, figures 17, 18, 22-24; plate 56, 
figure 5 
Hantkenina dumblei WEINZIERL and APPLIN, 
1929, Jour. Paleontology, vol. 3, p. 402, pl. 43, 
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figs. 5a, b; SHOKHINA, 1937, Moscow, Univ. 
Lab. Pal., Prob. Pal., vols. 2-3, pp. 437, 439, 
450, 452, pl. 2, figs. 12, 13 (copied from Wein- 
zierl and Applin); Rey, 1939, Soc. géol. 
France Bull., sér. 5, vol. 8, fasc. 5-6, pp. 324, 
329, 331, pl. 22, figs. 10-12, p. 329, text-fig. 
d (?); pt Napott Aviiata, 1941, R. Accad. 
D’Italia, Rendic. Clas. Sci. Fis. Mat. e Nat., 
Roma, vol. 3, fasc. 2-5, p. 142, text-fig. 1; 
THALMANN, 1942, Stanford Univ. Pub. Geol. 
Sci., vol. 3, no. 1 (listed only). 

Hantkenina longispina var. dumblei THALMANN, 
1934, Palio. Zeitschr., vol. 16, p. 120 (listed 


only). ; 
Hantkenina cf. dumblei CUSHMAN and SIEGFUS, 


1939, Cushman Lab. Foram. Research Contr., 
vol. 15, p. 32, pl. 7, fig. 2; —— and , 1942, 
San Diego Soc. Nat. Hist., vol. 9, no. 34, pp. 
390, 399, 421-422, pl. 17, fig. 34. 

Hantkenina liebust SELLI, 1944, Giorn. di Geo- 
logia (Bologna), vol. 17, pl. 2, figs. 9-10. 
Lectotype-—(Here designated.) Jour. Pa- 

leontology, vol. 3, pl. 43, fig. 5b, Cushman 

Collection No. 12204. The slide marked 

“Holotype” by Dr. J. A. Cushman contains, 

according to Miss Ruth Todd (personal 

communication), the two figured specimens, 
the smaller one (fig. 5a) a “‘young specimen”’ 
and the larger one (fig. 5b) a “‘more mature 
form.’’ Middle Eocene. Upper Claiborne, 

Yegua. Rio Bravo Oil Company, Deussen 

B-1, 4010 feet. South Liberty Dome, Liberty, 

Texas, U. S. A. 

Description.—The tests referred to this 
species are large for the genus and composed 
of five to six rather openly coiled chambers; 
they increase rapidly in size and the end 
chamber is generally much larger than the 
preceding one. Its triangular shape with the 
long, slightly curved frontal line is a dis- 
tinctive feature of this species. The chambers 
are longer than broad, much compressed 
and peripherally somewhat separated. The 
sutures are straight to slightly curved and 
distinct. The shallow umbilicus is rather 
open and indistinct due to deformation of 
the test and to adherent matrix. The slender 
spines are situated at the anterior angles of 
the chambers, just below the sutures; they 
are mostly broken off. Many of the Trinidad 
specimens are crushed or distorted and, 
therefore, have the apertural faces de- 
stroyed. The aperture of some of the better 
preserved specimens consists of an arched 
slit which becomes broader toward the base, 
thus indicating a tendency toward the devel- 
opment of basal lobes. Lateral projections 
are present (Weinzierl and Applin, 1929, 








pl. 43, figs. 5a, b). The aperture occupies 
approximately half of the total frontal 
height of the chamber; its width corresponds 
more or less to the thickness of the chamber. 

The surface appears to be smooth except 
for the inner portion of the last whorl, 
which is distinctly granulate. The walls are 
perforate. 

Maximum diameter without spines: 0.5- 
1.0 mm. 

Length of spines: 0.1-0.3 mm. 

Remarks.—Hantkenina dumblei seems to 
be related to the H/. mexicana—H. aft. 
mexicana group, and to H. lebusi. The 
position of the spines immediately below 
the anterior sutures and the slight peripheral 
incisions permit its distinction from its 
probable ancestor, H. mexicana, but it is 
much more difficult to separate it from //. 
liebusi. Small and compressed or crushed 
specimens could easily be mistaken for the 
latter species. H. dumblei, however, is 
usually larger, more compressed, has more 
chambers, and is much coarser in its general 
features than H. liebusi. 

It was not possible to obtain topotype 
material for comparison and the determina- 
tions, therefore, are based on the descrip- 
tions and figures of the specimens in the 
Cushman collection. 

Miss Ruth Todd, Research Associate of 
the Cushman Laboratory, kindly furnished 
the following additional information, not 
available from the original description, con- 
cerning the two specimens figured by Wein- 
zierl and Applin (pl. 43, figs. 5a, 5b). 

“The maximum dimension of the larger 
specimen is 0.86 mm. and its thickness 0.25 
mm.; of the smaller specimen 0.67 mm. and 
0.18 mm. The broken off spines appear to 
be filled with matrix and therefore to have 
been hollow. In side view, the spines look 
clear and glassy instead of punctate as the 
wall looks. The drawings are well done, 
showing parts of the earlier whorl in figure 
5b.” 

Dr. H. G. Kugler, very obligingly drew 
the writer’s attention to a middle Eocene 
fauna (R. 83; T.L.L.Cat. No. 19381) 
collected by him in 1937 at Khadichinsk, 
near Maikop, Russia. This contains numer- 
ous excellently preserved specimens of H. 
dumblei, H. longispina, and H. aff. mexi- 
cana. The specimens of H. dumblei agree 




















































ROA OBE, 


410 





exactly with those figured by Weinzierl 
and Applin. The spines are very long and 
slender, especially those of the end chambers 
and the narrow aperture exhibits lip-like 
lateral projections. Basal lobes, if present, 
are very small and indistinct. The umbilicus 
is rather open and shows parts of the inner 
whorls. Occasionally the peripheral incisions 
are very deep. This feature connects /H. 
dumblei with the //. mexicana group, es- 
pecially with its more progressive forms, 
described in this paper as //. aff. mexicana. 

Occurrence.—Trinidad: Navet formation 
(lower and middle Eocene). 


HANTKENINA (APPLINELLA) LIEBUSI 
Shokhina 
Plate 56, figures 1, 2, 18, 19, 22, 23 


Pullenia kochi Liesus, 1911, S. B. Akad. Wiss., 
Wien, vol. 120, pt. 1, p. 942, pl. 11, figs. 9, 10 
(Not Siderolina kochi Hantken 1876). 

Hantkenina liebusi SHOKHINA (part), 1937, Mos- 
cow Univ. Lab. Pal., Prob. Pal., vols. 2-3, pp. 
pp. 426, 427-432, 439, 443, 444-446, 452, pl. 2, 
figs. 2a—b, 3, pp. 428-432, text-figs. 1, 2, 6-8, 
11-13, 16-29, 31-49; Rey (part), 1939, Soc. 
géol. France Bull., sér. 5, vol. 8, fasc. 5-6, pp. 
326, 329, 331, pl. 22, figs. 8, 9 (?), p. 329, text- 
figs. a, b; THALMANN, 1942, Stanford Univ. 
Pub. Geol. Sci., vol. 3, no. 1 (listed only); 
GLAESSNER, 1945, Princ. Micropaleo., p. 150, 
text-fig. 32. 

Hantkenina cf. liecbust SHOKHINA, 1937, Moscow 
Univ. Lab. Pal., Prob. Pal., vols. 2-3, p. 433, 
text-figs. 56, 57. 

Hantkenina cf. alabamensis SHOKHINA, 1937, 
ibid., p. 433, text-figs. 58-60. 

Hantkenina kochi Rey, 1939, Soc. géol. France 
Bull., sér. 5, vol. 8, fasc. 5—6, p. 330, text-fig. b. 

Hantkenina (Applinella) liebusi THALMANN, 
1942, Am. Jour. Sci., vol. 240, p 812 (listed 
only). 

Holotype.—Moscow Univ. Lab. Pal., Prob. 
Pal., vols. 2-3, pl. 2, fig. 2 or 3, 60X, No. 
372 in the collections of the Petroleum 
Geological Research and Prospecting Insti- 
tute, Leningrad. It is not known which one 
of the figured specimens is the holotype. 
Middle Eocene, Green clay, Ilskaya, North 
Caucasus. 

Description.—The test is composed of 
four to six chambers, in the early ontogenetic 
stages compressed, later slightly inflated. 
They increase rapidly in size as added and 


the last-formed chamber may be twice as 


large as the preceding one. They are clearly 
separated. The umbilicus is open and rather 
shallow, and may show parts of the inner 
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whorl but some specimens exhibit a com. 
pletely evolute spiral. The sutures are broad 
and distinct, straight to slightly curved. 
Specimens referred to by Shokhina as 
liebusi var., characterized mainly by sig- 
moidal sutures, are also present in our ma- 
terial. They are considered to constitute a 
new species and are described below as H. 
trinitatensis. 

The long and slender spines arise from 
the anterior angles of the chambers and 
always lie below the anterior sutures. Most 
of the spines are broken or present only as 
fragments; this leads to a somewhat angular 
outline of the test, which otherwise may be 
described as subelliptical. Slight peripheral 
incisions may occur. In young specimens the 
outline of the test is typically lobulate as in 
the more primitive forms of the bioseries, 
and it may even be very similar to the test 
of the star-like H. mexicana. Young speci- 
mens with only three or four chambers and 
with the slender spines exactly in the pro- 
longation of the chamber-axis sometimes 
even show a distinct cross-like outline. 
Extreme arrangements of chambers and 
spines are connected by transitional stages 
as demonstrated by Shokhina’s numerous 
text-figures (1937, text-figs. 1-40). 

The surface is smooth. The finely perfo- 
rate walls are thin, sometimes even trans- 
parent. The tripartite aperture is a narrow 
slit with small basal lobes. Small lip-like 
projections are present. There seems in the 
larger specimens to be a tendency for the 
tripartite aperture to become very anar- 
row. 

Maximum dimension without spines: 
0.2-0.5 mm. 

Length of spines: +0.2 mm. 

Remarks.—The abundant specimens from 
the upper Eocene deposits of Trinidad 
seem to correspond with those described 
and figured in great detail by Shokhina 
(1937) from numerous middle Eocene locali- 
ties of the North Caucasus. Therefore the 
stratigraphic range of this species seems to 
differ in Europe and in Central America, 
where it has not been known previously. 
Similar differences of stratigraphic range of 
other foraminiferal species (E ponides trumpyi 
Nuttall. Anomalina dorri Cole, Cibictdes 
perlucidus Nuttall, Crbidices grimsdalei 
Nuttall, and Cibicides cushmani Nuttall) 
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in the Americas and Europe (Appennines) 
were recently described by Petters and 
Gandolfi (1948). 

Hantkenina liebusi superficially exhibits 
some morphological affinities with H. primi- 
tira Cushman and Jarvis, and specimens 
with broken early spines might be mistaken 
for that species. Completely preserved 
specimens, however, can be separated with- 
out difficulty, although their similarity to 
primitive forms of Jlantkenina is very 
striking. 

Specimens identified as.Pullenia kochi by 
Liebus (1911) from the middle Eocene of 
Kapelica, North Dalmatia, were consid- 
ered to be identical with Siderolina kochi 
Hantken; but according to Shokhina (1937) 
they must be assigned, from a purely mor- 
phological point of view, to two distinct 
species of Hantkenina. Furthermore, 1. 
kochi (=Siderolina kochi Hantken 1875), 
occurs in the upper Eocene, whereas //. 
liebusi Shokhina ( = Pullenia kochi of Liebus) 
was found in the middle Eocene only. This 
stratigraphic difference, however, can no 
longer be maintained, because in Trinidad 
H. liebusi lived during upper Eocene time. 
When this species reached its maximum 
development in the upper Eocene, it co- 
existed with //7. alabamensis, H. trinitaten- 
sis, H. thalmanni, H. primitiva, and II. 
cf. bermudezi. The relationship existing 
between H. kochi and H. liebusi should be 
reexamined on the basis of the original 
material. 

Occurrence—Trinidad: San _ Fernando 
Group, upper Eocene. Barbados: Oceanic 
formation (upper Eocene part). 


HANTKENINA (APPLINELLA) TRINITATENSIS 
Bronnimann, n. sp. 
Plate 56, figure 17 


Hantkenina liebusi var. SHOKHINA, 1937, Moscow 
Univ. Lab. Pal., Prob. Pal., vols. 2-3, pp. 428, 
430, text-figs. 3-5, 9, 10, 14, 15, 230. 

Hantkenina dumblei Rey (part), 1939, Soc. géol. 
France Bull., sér. 5, vol. 8, fasc. 5-6, p. 329, 
text-fig. c. 

Holotype-—Plate 56, figure 17. Upper 
Eocene, Trinidad, B.W.I. (T. L. L. Coll. 
No. 45775). Deposited in the Cushman 
Collection, No. 59074. 

Description —The 


subelliptical closely 


coiled test is composed of four to six cham- 
bers which are inflated and increase gradu- 


ally in size as added. They are longer than 
broad and slightly separated peripherally, 
especially in the last ontogenetic stages 
where they become somewhat bulbose. The 
sutures are sigmoidal, distinct, and fairly 
depressed. Spines, mostly broken off, are 
long and hollow, and always situated below 
the anterior sutures. 

The aperture is an arched tripartite slit 
with broad lateral projections extending 
into the umbilicus. The surface is smooth 
and the walls are finely perforate. 

Maximum diameter without spines: 0.4— 
0.7 mm. (holotype 0.54 mm.). 

Length of spines: + 0.2 mm. (holotype 
0.08 mm.). 

Remarks.—This_ species resembles /1/. 
dumblei which, however, has predominantly 
straight to slightly curved sutures and a 
compressed test. There is also a morphologi- 
cal similarity to H. liebusi, but the sig- 
moidal sutures, the closely coiled test, the 
onion-like last chambers and the more 
inflated test of //. trinitatensis are distinc- 
tive. 

Occurrence—Trinidad: Hospital Hill for- 
mation, upper Eocene. 


HANTKENINA (APPLINELLA) LONGISPINA 
Cushman 
Plate 55, figures 11-13, 15, 16 


Hantkenina longispina CusHMAN, 1925, U. S. 
Nat. Museum Proc., vol. 66, p. 2, text-fig. 
p. 3, pl. 2, fig. 4; , 1925, Am. Assoc. 
Petroleum Geologists Bull. 9, pp. 299, 300, pl. 
7, fig. 3; CoLE, 1927, Bull. Amer. Paleontology, 
vol. 14, p. 24, p. 4, fig. 7; CusHMAN, 1927, 
Jour. Paleontology, vol. 1, p. 160, pl. 26, fig. 2; 
NUTTALL, 1930, idem, vol. 4, p. 284; SHOKHINA, 
1937, Moscow Univ., Lab. Pal., Prob. Pal., 
vols. 2-3, pp. 436-437, 439, 450, 452, pl. 2, 
fig. 4 (after Howe and Wallace); Howe, 1939, 
Louisiana Dept. Conservation, Geol. Survey 
Bull. 14, pp. 85-86, pl. 12, fig. 23; Rey, 1939, 
Bull. Soc. géol. France, sér 5, vol. 8, fasc. 5-6, 
pp. 323, 328, 331, pl. 22, figs. 1-2, p. 328, text- 
fig. e (2); MontaGveE, 1941, Diss. Utrecht, p. 
54, pl. 6, fig. 41; THALMANN, 1942, Stanford 
Univ. Pub. Geol. Sci., vol. 3, no. 1 (listed only); 
CusHMAN and Herrick, 1945, Cushman Lab. 
Foram. Research Contr., vol. 21, pp. 70-71, pl. 
11, figs. 11, 12; VAN BELLEN, 1946, Netherlands 
Geol. Stichting, Meded., ser. C, vol. 5, no. 4, 
p. 44. 

?) Hantkenina longispina HOWE and WALLACE, 
1932, Louisiana Dept. Conservation, Geol. 
Survey Bull. 2, p. 55, pl. 10, fig. 2; PiypErs, 
1933, Geogr. geol. Mededeel., physiogr.-geol. 
reeks, no. 8, p. 67, p. 66, text-figs. 77-79. 

Hantkenina kochi Rey, 1938, Bull. Soc. géol. 

France, sér. 5, vol. 8, fasc. 5-6, pl. 22, fig. 6. 





_~ 





412 


Hantkenina (Aragonella) longispina THALMANN, 
1942, Am. Jour. Sci., vol. 240, p. 812 (listed 
only). 

Hantkenina mexicana CUSHMAN and REnz, 1948, 
Cushman Lab. Foram. Research Spec. Pub. 
24, pl. 7, figs. 21, 22. 


Holotype-—U.S. Nat. Museum Proc., vol. 
66, pl. 2, fig. 4, 75X. Upper Eocene: Alazan; 
dark gray clay. Rio Tuxpan, crossing of road 
from Palo Blanco to La Noria, and along Rio 
Pantepec about 200 meters above its mouth, 
Mexico. USNM No. 353080. 

Description.—The test is subelliptical to 
subcircular in outline, without peripheral 
incisions. The early portion of the last 
whorl may be somewhat lobulate. The four 
to five fairly inflated chambers increase 
gradually in size as added. The sutures are 
straight, distinct but not much depressed. 
The umbilicus is closed and usually filled 
with matrix. The pointed and hollow spines 
lie exactly below the,anterior sutures. Early 
ontogenetic stages show the spines to be 
inserted more or less in the axis of the cham- 
bers as in JI. mexicana. The lobulate early 
ontogenetic chambers resemble ancestors of 
the Aragonella tv pe. 

The length of the spines varies consid- 
erably as in most Hantkeninae, but speci- 
mens with spines as long as or longer than 
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the radial diameter of the chambers are 
normal. 

The surface of the earlier chambers jg 
granulate, later becoming smooth. The walls 
are finely perforate. Topotypes from the 
Rio Tuxpan, which were kindly placed at 
our disposal by Dr. Cushman, are excel. 
lently preserved and show that the aperture 
is the usual arched slit which starts at the 
base of the chamber and occupies approxi- 
mately half of its frontal part. There are no 
basal lobes, but very small lateral projec. 
tions appear to be present. The aperture 
becomes wider toward the base as in Z, 
dumblei. In the specimens from Trinidad 
and Barbados the aperture is filled with 
matrix, and details are not visible. 

Maximum diameter without spines: 0.3- 
0.6 mm. 

Length of spines: 0.1-0.3 mm. 

Remarks.—This species is very closely 
related to H. mexicana which is regarded as 
its direct ancestor. The length of the spines 
may be considerable and justifies the name 
longispina, but nevertheless it is not the 
most characteristic feature of this species, 
and therefore this name may be misleading. 
The insertion of the spines just below the 
anterior sutures, at least in the later onto- 
genetic stages, the reduction of the lobulate 





EXPLANATION OF PLATE 55 


All figures X50. 


Fics. 1-6—Hantkenina (Aragonella) mexicana Cushman. Navet formation. /, 2, 5, 6, Friendship 
Quarry, Trinidad (Rz. 336, T.L.L. Cat. No. 52767); 3, 4, Sangre Grande area, Trinidad 


(K.R. 9101, T.L.L. Cat. No. 3020). 


(p. 405) 


7, 8—Hantkenina (Aragonella) lehneri Cushman and Jarvis. Moruga River, Trinity Hill Re 


serve, Trinidad (E.L. 585, T.L.L. Cat. No. 69), Navet formation (in mudflow). 


(p. 408) 


9, 10, 14—Hantkenina (Aragonella) aff. mexicana Cushman. 9, Barbados, Oceanic formation; 
10, San Fernando area (B. 8521, T.L.L. Cat. No. 137,769), Navet formation; /4, Fitt Trace, 
Trinidad (Geological Conference, Trinidad, 1939, Stop 25, T.L.L. Cat. No. 28,400), Navet 


formation. 


(p. 407) 


11, 13—Hantkenina (A phplinella) cf. longispina Cushman. Piparo area, Trinidad (K.R. 16796, 


T.L.L. Cat. No. 45775), Hospital Hill formation. 


(p. 411) 


12, 15, 16—Hantkenina (Applinella) longispina Cushman. 12, Navet River area, Trinidad 
(K.R. 4347, T.L.L. Cat. No. 1285), Navet formation; 15, Dunmore Hill area, Trinidad 
(H.G.K. 4008, T.L.L. Cat. No. 19,480), Navet formation; 16, Barbados, Oceanic forma- 


tion. 


(p. 411) 


17—Hantkenina (A pplinella) cf. dumblei Weinzierl and Applin. Navet River area, Trinidad 


(R.M. 1337, T.L.L. Cat. No. 1383), Navet formation. 


(p. 408) 


18, 22-24—Hantkenina (A pplinella) dumblei Weinzierl and Applin. Navet farmation. 18, 24, 
Navet River area, Trinidad (K.R. 4347, T.L.L. Cat. No. 1285); 22, Fitt Trace, Trinidad 
(Geological Conference, Trinidad, 1939, Stop 25, T.L.L. Cat. No. 28,400); 23, Sangre 


Grande area, Trinidad (K.R. 9101, T.L.L. Cat. No. 3020). 


(p. 408) 


19-21—Hantkenina (Hantkenina) thalmanni Bronnimann, n. sp. 19, 21, Hospital Hill, San 
Fernando area, Trinidad (Wz. 175, Private Collection), Hospital Hill formation (type 
locality); 20, holotype, San Fernando area, Trinidad (B. 7730, T.L.L. Cat. No. 1269 

p. 
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periphery in the course of ontogenetic 
growth, and the primitive aperture are 
more important and they in particular 
made possible the differentiation of this 
species from H. mexicana or H. alabamensis. 
On account of its morphological charac- 
teristics, H. longispina occupies an inter- 
mediate position between the two species, a 
concept which is supported by its strati- 
graphic occurrence. 

Occurrence.—Trinidad: Navet formation 
(lower and middle Eocene) and ?San 
Fernando Group (upper Eocene). Barbados: 
Oceanic formation (middle and ?upper 


Eocene part). 


Subgenus HANTKENINA Cushman s.s. 
HANTKENINA (HANTKENINA) AUSTRALIS 
Finlay 
Plate 56, figures 20, 21 


69, fig. 5; THALMANN, 1942; Stanford Univ. 

Pub. Geol. Sci., vol. 3, no. 1 (listed only). 
Hantkenina (Hantkenina) australis THALMANN, 

1942, Am. Jour. Sci., vol. 240, pp. 811, 818 

(listed only). 

Holotype.— Deposited in the New Zealand 
Geological Survey Collection, Wellington, 
not figured by Finlay. Upper middle Eocene; 
upper Bartonian stage; upper Blue Clays, 
about 5 feet below the top. Locality 5179B, 

¢ miles north of Kakaho Creek, Hampden, 
New Zealand. 

Description.—This species resembles J/. 
alabamensis, with spines in the prolongation 
of the sutures, except in the early ontogen- 
netic stages where they are situated, as in 
H. longispina, below the anterior sutures. 
The distinguishing feature is the more or 
less angular outline of the test. The four to 
six rather inflated chambers increased grad- 





ually in size as added, except the end cham- 


Hantkenina australis Fintay, 1939, Roy. Soc: : 
ber which may be much larger than the 


New Zealand Trans., vol. 68, pp. 538-539, pl- 





EXPLANATION OF PLATE 56 
All figures X50. 

Fics. 1, 2, 18, 19, 23—Hantkenina (A pplinella) liebusi Shokhina. 1, Dunmore Hill area, Trinidad 
(Kern Trinidad Oilfields slide 216, Augerhole 94), Hospital Hill formation; 2, San Fernando 
area, Trinidad (Wz. 235, Private Collection), Hospital Hill formation; /8, Pointe-a-Pierre 
area, Trinidad (K.R. 14781, T.L.L. Cat. No. 11,647), Hospital Hill formation; 19, San 
Fernando area, Trinidad (B. 7730, T.L.L. Cat. No. 126,510), San Fernando group; 23, San 
Fernando By-Pass, San Fernando area, Trinidad (B. 8883, T.L.L. Cat. No. 143,034), 
Hospital Hill formation. (p. 410) 

3—Hantkenina (Hantkenina) thalmanni Bronnimann, n. sp. San Fernando area (E.S. 4627, 
T.L.L. Cat. No. 1753), San Fernando Group. (p. 415) 

4, 26, 27—Hantkenina (Hantkeninella) primitiva Cushman and Jarvis. 4, Apertural view, San 
Fernando By-Pass, San Fernando area, Trinidad (Wz. 282, Private Collection), Mt. 
Moriah formation; 26, 27, St. Joseph Village, San Fernando area, Trinidad (B. 7676, T.L.L. 
Cat. No. 126,354), Mt. Moriah formation. (p. 416) 
5—Hantkenina (Applinella) cf. dumblei Weinzierl and Applin. Navet River area, Trinidad 
(K.R. 4347, T.L.L. Cat. No. 1285), Navet formation. (p. 408) 
6-9, 24, 25—Hantkenina (Cribrohantkenina) bermudezi Thalmann. 6—9, Apertural views, San 
Fernando By-Pass, San Fernando area, Trinidad (Wz. 282, Private Collection), Mt. 
Moriah formation; 24, San Fernando area (E.S. 4627, T.L.L. Cat. No. 1753), San Fernando 
group; 25, Apertural view, San Fernando area, Trinidad (B. 7991, T.L.L. Cat. No. 134,070), 

Mt. Moriah formation. (p. 417) 

10, 14-16—Hantkenina (Hantkenina) alabamensis Cushman. 10, 14, 15, Barbados, (S. 433, 
T.L.L. Cat. No. 45,821), Oceanic formation; 16, San Fernando area, Trinidad (B. 8883, 
T.L.L. Cat. No. 143,034), Hospital Hill formation. (p. 414) 
11—Hantkenina (Hantkenina) cf. thalmanni Bronnimann, n. sp. San Fernando By-Pass, San 
Fernando area, Trinidad (B. 8883, T.L.L. Cat. No. 143,034), Hospital Hillformation. (p. 415) 

12, 13—Hantkenina (Hantkenina) suprasuturalis Bronnimann, n. sp. 12, San Fernando By-Pass, 
San Fernando area, Trinidad (B. 8883, T.L.L. Cat. No. 143,034), Hospital Hill formation; 

13, holotype, Barbados (S. 997b, T.L.L. Cat. Nos. 146,171 and 148,757), Oceanic formation. 

(p. 416) 

17—Hantkenina (A pplinella) trinitatensis Bronnimann, n. sp. Holotype, Hospital Hill. San 
Fernando, Trinidad (Wz. 175, Private Collection), (type locaiity) Hospital Hill formation. 

(p. 411) 

20, 21—Hantkenina (Hantkenina) australis Finlay. 20, Barbados (S. 250, T.L.L. Cat. No. 
47,174), Oceanic formation; 2/, Barbados (S. 433, T.L.L. Cat. No. 45,821), Oceanic forma- 
tion. (p. 413) 
22—Hantkenina (A pplinella) cf. liebusi Shokhina. Barbados (S, 225, T.L.L. Cat. No. 47,154), 
Oceanic formation. (p. 410) 
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preceding one. The chambers are separated 49, 50, pl. 13, igs. 1-5; CoRYELL and Empicx, 


ies ie 1937, "Jour. Paleontology, vol. 11, pp. 299) 
by distinct and depressed sutures which are 300. ad. 43, fig. 10: Sacmmna, 1937, Read 


straight to slightly curved. The short spines Univ. Lab. Pal., Prob. Pal., vols. 2-3, pp. 434. 
are slightly bent in the direction of coiling. 435, vee 439, 452, 434, text- figs. 61 (2), 
Finlay (1939, p. 538) mentioned that the 62, 63, pl. 1, figs. 3-7; REY (part), 1939, Soc 


spines are decidedly backwardly curved, géol. France Bull., sér. 5, vol. 8, fasc. 5-6, Pp. 


325, 329, 331, pl. 22, figs. 13, 15, p. 330, text. 





though the spines of his figured specimen figs. d, e; Dt NAPOLI ALLIATA, 1941, R. Accad, 
are straight or somewhat bent in the direc- d'Italia, Rendic. Clas. Sci. Fis. Mat. e Nat. 
tion of coiling. The umbilicus is small and vol. 3, fasc. 2-5, p. 143, text-figs. 2-4; Berg. 
closed. é QuIST, 1942, Mississippi hag Geol. ‘Survey 
Th - 7 t — a Bull. 49, p. 96, pl. 10, fig. 4; THaL "ey 194), 

e aperture is not recognizable in the Stanford Univ. Pub. Geol. 'Sci., vol. 3 (listed 
Barbados specimens, but based on the gen- only); GLAESSNER, 1945, Princ. a ropaleon- 
eral aspect of the tests it is similar to that of tology, pp. 149, 150, text-fig. 32; CusHMay, 
H. alabamensis. According to Finlay it is 1946, Cushman Lab. Foram. Ret arch Special 
narrower and the basal lobes are distinctly eee OE a Yn eT, Se. EF, -—— ae 
: : ’ STONE, i947, idem 20, p. 25, pl. 3, figs. 14, 15; 

less spread. and RE NZ, 1948, idem. 24, p. 39, pl. 7, fig, 
The surface is smooth. All the specimens 23; Banpy, 1949, Bull. Am. Paleontology 


vol. 32, no. 131, p. 76, pl. 11, figs. 9a, b. 


xamined are distorted and crushed. 
” . nner Hantkenina brevispina Cu SUMAN, 1925, U.S. Nat. 


Maximum diameter without spines: 0.5— Museum Proc., vol. 66, p. 2, pl. 2, fig. 3; — 
0.6 mm. 1925, eae “« Foram. Research Contr, 
Length of spines: +0.1 mm. vol. pl. 1, fig. 10; ——, 1927, Jour. 


As Ral an 1, p. 160, pl. 26, fig. 1; Coxe, 
1928, Bull. Am. Paleontology, vol. 14, p. 212: 
NUTTALL, 1930, Jour. Paleontology, vol. 4, 


Remarks.—This species is very rare and 
only a few specimens were found in —_ 


Eocene assemblages from Barbados. Sam- p. 274 (listed only); Howe and Wattace, 
ples from Trinidad contained specimens 1932, Louisiana Dept. Conservation Geol. 
which only doubtfully might be referred to Bull. 2, pp. 54-55, p. 10, fig. 4; SHOKHINA, 
this species 1937, Moscow Univ. Lab. Pal., Prob. Pal., 
gages ’ ; . vols. 2-3, pp. 435-436, 439, 452, pl. 1, fig. 1; 

In spite of the close relationship with J/. REy, 1939, Soc. géol. France Bull., sér. 5, vol. 
alabamensis, there is no difficulty in differ- 8, fasc. 5-6, pp. 326, 329, 331, pl. 22, fig. 14, 
entiating the two species. p. 330, text-fig. a; THALMANN, 1942, Stanford 


ins depisiile. ; Univ. Pub. Geol. Sci., vol. 3, no. 1. 
’ Occurrence.—Barbados: Oceanic forma- Hantkenina kochi var. alabamensis THALMANN, 
tion (upper Eocene part). 1934, Palio. Zeitschr., vol. 16, p. 121 (listed 
only). 
a oe es (?) Hantkenina alabamensis CUSHMAN, 1939, 
HANTKENINA (HANTKENINA) ALABAME NSIS ‘ore Lab. Foram. Research Contr., vol. 
Cushman 15, p. 74, pl. 12, fig. 18; vAN BELLEN, 1946, 
Plate 56, figures 10, 14-16 Netherlands Geol. Sticht., Meded., ser. C, vol. 
Hantkeni lab se ds ; 1925 U 5, p. 71, pl. 10, figs. 7-9. 
antkenina alabamensis CusHMAN, 1925, U. S. pr? viedhdg (Hantkenina) alabamensis THAL- 


Nat. Museum Proc., vol. 66, Pp. 3-4, pl. 1, figs. MANN, 1942, Am. Jour. Science, vol. 240, p. 81, 
1-6, pl. 2, fig. 5, p. 3, text-fig. 1; ——, 1925, pl. 1, figs. 3a—-f; STAINFORTH, 1948, Jour. Pale- 
Cushman Lab. Foram. Research Contr., vol. 1, ontology, vol. 22, p. 127, pl. 25, fig. 3. 
 teidgg Mache shady moe han. 2 pp. a. Hantkenina (Hantkenina) brevispina THALMANN, 
Bots Sa . Sci., vol. 240, p. Lt, 
178, pl. 10, pp. 177-178, pl. 10, fig. 3; — ged sac eausiaunianaieanaa slams 
1927, Cushman Lab. Foram. Research h Cont. Hantkenina alabamensis subsp. compressa Parr, 
vol. 3, p. 64, pl. 13, figs. 18a, b; ——, 1927, 1947 (part), Roy. Soc. Victoria Proc., n.s., vol. 


Jour. Paleontology, vol. 1, p. 160, pl. 25, fig. 17: 5 c_ -fies. 5—7: 

Cote, 1928, Bull. Am. Paleontology, vol. 14, cn paaaliai date dat _ ny 

no. 53, p. 211; Howe, 1928, Jour. Paleontology, Holotype-—Proc. U. S. Nat. Mus., vol. 66, 
vol. 2, p. 14, fig. 1; NUTTALL, 1930, idem, vol. pl. 1, fig. 1, 60X. Upper Eocene, ‘‘Zeuglo- 
4, p. 274 (listed only); HowE and WALLACE, don Beds.” Cocoa Post Office, Alabama 
1932, Louisiana Dept. Conservation Geol. : “Aa 1. 2eene? 7 
Bull. 2, p. 54, pl. 10, fig. 3; Evtisor, 1933, U-S. Nat. Mus. No. 353082. 

Am. Assoc. Petroleum Geologists Bull. 17, pl. Descriplion.—The outline of the closely 
6, fig. 5; HapLey, 1934, Bull. Am. Paleontol- — coiled test is subelliptical to subcircular, not 
ogy, vol. 20, pp. 15, 16, pl. 2, fig. 4; HOWE — jobulate. The four to six chambers increase 


and WALLACE, 1934, Jour. Paleontology, vol. 8, ange 
p. 35, pl. 5, fig. 13 (after Cushman); CUSHMAN, gradually in size as added and tend to be- 


1935, U. S. Geol. Survey Prof. Paper 181, pp. come inflated. There is a remarkably wide 
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range of variation in the development of 
chambers and spines. The slender spines 
stand completely free and in the late onto- 
genetic stages they are situated exactly in 
the prolongation of the sutures and point 
slightly forward in the direction of coiling. 
In some strongly inflated specimens there 
is a marked tendency for the end chamber 
to grow backward and to embrace the basal 
portion of the spine of the preceding cham- 
ber. The length of the spines varies consider- 
ably and all possible transitions exist be- 
tween JI. alabamensis and II. brevispina. 
The sutures are quite depressed, straight to 
slightly curved, especially in the peripheral 
portion of the younger chambers. The 
umbilicus is distinct, clearly delimited. 
Well preserved specimens show that the 
lateral lip-like projections of the aperture 
extend into its center. The umbilicus is 
occasionally rather large and shows parts 
of the inner whorls. 

Although several hundred specimens from 
numerous localities in Trinidad and Bar- 
bados were available, only a few completely 
preserved specimens were encountered. 
Generally they are distorted or crushed or 
the finer features are hidden under a layer 
of matrix. In relatively few the typical 
tripartite slit-like aperture, with the basal 
lobes and lateral projections, was recog- 
nizable. The lips are very thin and smooth. 
Their basal portion is broad and covers 
part of the umbilicus. In specimens with a 
larger and more inflated end chamber 
manifesting a pronounced tendency to- 
wards H. suprasuturalis, the aperture is 
narrower and much smaller. 

The surface is granular in the early por- 
tion of the last whorl (first chamber com- 
pletely granular, second partly, third only in 
the umbilical portion). The walls are finely 
perforate. 

Maximum diameter: 0.4-0.6 mm. 

Length of spines: 0.1-0.3 mm. 

Remarks.—The range of variation in the 
proportions of the chambers, in the develop- 
ment of spines and in other features is very 
wide. This is demonstrated by Cushman’s 
series of figured specimens from the type 
locality (pl. 1, figs. 1-6; pl. 2, fig. 5; p. 3, 
text-fiz. 1). Topotypes which were kindly 
put at the writer's disposal by Dr. Cushman 
confirm this statement. 


415 


Probably, the upper Eocene Hantkenina 
alabamensis subsp. compressa Parr 1947 
also belongs within the natural range of 
variation of H. alabamensis, and after exam- 
ination of Parr’s text-figures 5, 6, 7, and 7a, 
we are inclined to allocate this new sub- 
species in part to JJ. alabamensis. Parr’s 
text-figures 1, 2, and 3 are apparently repre- 
sentatives of H. primitiva Cushman and 
Jarvis as these specimens have no spines in 
the early ontogenetic stages and also the 
other features resemble those of that species. 
Parr’s text-figure 4 may represent a speci- 
men of H. liebusi or a young stage of J/. 
alabamensis with the primitive arrange- 
ment of the spines in the early chambers. 

Furthermore, we consider H. brevispina 
Cushman 1925, which according to Cush- 
man’s figure and description has free and 
somewhat shorter and stouter spines than 
H. alabamensis, to be a variant of the latter. 
Both H. alabamensis and H. brevispina 
exhibit principally the same general struc- 
ture. They occur together and are excellent 
diagnostic fossils for upper Eocene deposits. 
We exclude, from JZ. alabamensis, how- 
ever, the more inflated forms with back- 
ward-growing chambersand distinctly supra- 
sutural spines and propose for them the 
name HHantkenina suprasuturalis. 

The position of the spines in relation to 
the sutures demonstrates the close relation- 
ship of this species with the less advanced 
H. longispina and with the more progressive 
H. suprasuturalis and the Cribrohantkeninae. 

Occurrence.—Trinidad: San Fernando 
Group, upper Eocene. Barbados: Oceanic 
formation (upper Eocene part). 


HANTKENINA (HANTKENINA) THALMANNI 
Bronnimann, n. sp. 
Plate 55, figures 19-21; plate 56, figures 3, 11 


Holotype.—Plate 55, figure 20. Deposited 
in the Cushman Collection, No. 59702. 

Description.—The small and _ lenticular 
test is composed of four to five closely 
coiled chambers which increase gradually in 
size. The general outline is subcircular to 
subelliptical. The sutures are rather indis- 
tinct, straight to very slightly curved. The 
umbilicus is indistinct and small. 

The glassy and usually pointed spines 
are very thick and short for the genus. 
They are situated in the prolongation of the 
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sutures, except the early ones which lie 
below the anterior sutures as in H. longi- 
spina. 

The surface is granulate and appears 
rough. The aperture is not visible but prob- 
ably is the elongated tripartite slit of 
Hantkenina s. s. 

Maximum diameter without spines: 0.3- 
0.4 mm. 

Length of spines: 0.1-0.2 mm. 

Remarks.—This species belongs in the 
group of J/. alabamensis from which it 
differs mainly in its small lenticular test and 
unusually thick spines. It occupies virtually 
the same phylogenetic level as H. alabamen- 
sts and H. australis which are of similar age. 
Its forerunner is probably the primitive //. 
longispina, as the position of the early 
spines indicates. 

Occurrence.—Trinidad: San 
Group, upper Eocene. 


Fernando 


HANTKENINA (HANTKENINA) SUPRASUTU- 
RALIS Bronnimann, n. sp. 
Plate 56, figures 12, 13 
Hantkenina alabamensis REy (part), 1939, Soc. 
géol. France Bull., sér. 5, vol. 8, fasc. 5-6, pl. 

22, fig. 17. 

Holotype.—Plate 56, figure 13. Upper Eo- 
cene, Barbados, B.W.I. (S. no. 997b, T.L.L. 
Cat. Nos. 146, 171, 148, 757). Deposited in 
the Cushman Collection, No. 59703. 

Description.—The closely coiled test is 
subelliptical to slightly angulate in outline 
and large for the genus. The five to six 
inflated chambers are subdivided by straight 
to slightly curved, much depressed sutures. 
The umbilicus is small and deep and gen- 
erally covered by the broad lateral projec- 
tions of the aperture. The basal portions of 
the short spines are partly incorporated 
within the adjacent younger chamber. The 
spines are situated distinctly above the 
sutures except in the earliest stages of the 
last whorl where their insertion is like that 
of H. alabamensts or of H. longispina. The 
enclosure of the anterior portion of the 
spines by the backward-growing adjacent 
chamber is a characteristic feature of the 
three to four last-formed chambers. For a 
short distance, the spines form the outline 
of the test which therefore is broken and 
angular. 

The surface is smooth except for the early 
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portion of the last whorl and the walls are 
finely perforate. 

The aperture is a slit-like opening as jp 
II. alabamensis, but narrower, and it may 
even be reduced in height. The lateral lips 
are large and very broad and cover parts of 
the umbilicus. 

Maximum dimension without _ spines: 
0.6—+1.0 mm. 

Length of spines: 0.05—0.1 mm. 

Remarks.—This species is very closelh 
related to //. alabamensis (including H 
brevispina). The most important feature on 
which this new species is based is the pecul- 
iar position of the spines with relation to 
the sutures and to the adjacent chambers, 
Also, the test is angular in outline, and 
generally larger and much more inflated 
than in JI, alabamensis. 

This species is highly specialized and 
represents a progressive final stage in the 
evolution of Hantkenina s.s. 

Occurrence.—Trinidad: San _ Fernando 
Group, upper Eocene. Barbados: Oceanic 
formation (upper Eocene part). 


Subgenus HANTKENINELLA Bronnimann, 
n. subgen. 
HANTKENINA (HANTKENINELLA) 
PRIMITIVA Cushman and Jarvis 
Plate 56, figures 4, 26, 27 


Hantkenina alabamensis var. primitiva CUSHMAN 
and Jarvis, 1929, Cushman Lab. Foram. Re- 
search Contr., vol. 5, p. 16, pl. 3, figs. 2, 3; 
SHOKHINA, 1937, Moscow Univ. Lab. Pal. 
Prob. Pal., vols. 2-3, pp. 435, 439, 448-449, 
452, pl. 1, figs. 8-9 (after Cushman and Jarvis); 
Rey, 1939, Soc. géol. France Bull., sér. 5, vol. 
8, fasc. 5-6, pp. 325, 329, pl. 22, fig. 16, p. 330, 
text-fig. c; CUSHMAN and STAINFORTH, 1945, 
Cushman Lab. Foram. Research Special Pub. 
14, p. 10; CusHMAN and CEDERSTROM, 1949, 
Virginia Geol. Survey Bull. 67, p. 38, pl. 5, 
fig. 11. 

Hantkenina kochi var. primitiva THALMANN, 1934, 
Palio. Zeitschr., vol. 16, p. 121 (listed only). 
Hantkenina primitiva THALMANN, 1942, Stanford 

Univ. Pub. Geol. Sci., vol. 3, no. 1 (listed only). 

Hantkenina (Hantkenina) primitiva THALMANN, 
1942, Am. Jour. Sci., vol. 240, p. 811 (listed 
only). ; 

Hantkenina alabamensis BERGQuIST, 1942, Mis- 
sissippi State Geol. Survey Bull. 49, pl. 10, fig. 
2 


Hantkenina alabamensis subsp. compressa PARR 
(part), 1947, Roy. Soc. Victoria Proc., ns., 
vol. 58, pts. 1-2, p. 46, text-figs. 1-3. 


Holotype-——Cushman Lab. Foram. Re 
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search Contr., vol. 5, pl. 3, fig. 3 (accord- 
ing to R. Todd), 75X. Upper Eocene, 
Mount Moriah formation, Vista Bella 
Quarry, San Fernando, Trinidad, B.W.I. 
Cushman Collection No. 10067. 

Description——The generally small and 
fragile test is subelliptical in outline and the 
inner portion of the last whorl is lobulate. 
The four to six chambers are inflated and 
the early chambers are more or less globular 
and increase gradually in size as added. The 
end chamber is usually considerably larger 
than the preceding one and becomes some- 
what bulbose. The sutures are straight, well 
depressed and meet in a distinct but small 
umbilicus. The spire is either completely 
involute or more or less evolute, showing 
the inner whorls. The long and slender 
spines are usually situated below the 
sutures, indicating a primitive phylogenetic 
position. In assemblages which contain only 
H. primitiva and H. bermudezt, the last 
spines lie in the prolongation of the sutures 
as in H. alabamensis. Occasionally they are 
even somewhat above the sutures as in //. 
suprasuturalis. The early chambers are not 
spine bearing. 

The surface of the adult test is smooth, 
except in the early portion of the last whorl 
where it is distinctly granulate. The walls 
are finely perforate. The aperture is an 
arched slit with basal lobes and small lip- 
like lateral projections. 

Maximum diameter without spines: 0.2— 
0.4 mm. 

Length of spines: 0.1-+0.2 mm. 

Remarks.—This_ species occurs abun- 
dantly in the upper Eocene Mount Moriah 
formation (lower Mount Moriah silt) of 
Trinidad and is easily recognizable on ac- 
count of the spineless early chambers and 
the distinctly granulate surface of the inner 
portion of the last-formed whorl. It might 
be mistaken for specimens of H. liebusi 
with early spines broken off but the two 
species show completely different features, 
so that the distinction should not be too 
difficult. 

This species occupies a special position 
within the Hantkeninae and its phylogenetic 
relationship is not yet clear. At present it 
is the only known Hantkenina with a spine- 
less early stage and, therefore, it cannot be 
referred to any of the existing subgenera. 
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We have therefore (p. 416 of this paper) 
introduced for this form the new subgenus 
Hantkeninella. 

Thin sections of the various representa- 
tives of Hantkenina s.l., and comparison 
of the structures of the early ontogenetic 
stages, especially the development of the 
spines and aperture, might contribute to the 
knowledge of the phylogeny of this group. 
At present, phylogenetic considerations are 
mainly based on the general shape of the 
test, on the position of the spines and on 
the development of the aperture, features 
which obviously are not sufficient for the 
arrangement of all the types in a number of 
interrelated bioseries. 

Occurrence.—Trinidad: San Fernando 
Group, upper Eocene. Barbados: Oceanic 
formation (upper Eocene part). 


Subgenus CRIBROHANTKENINA Thalmann 
1942 
HANTKENINA (CRIBROHANTKENINA) 
BERMUDEZI Thalmann 
Plate 56, figures 6-9, 24, 25. 


Hantkenina (Sporohantkenina) brevispina BER- 
MUDEZ, 1937, Soc. Cubana Hist. Nat. Mem., 
vol. 11, pp. 151, 152, pl. 19, figs. 7-10. 

Hantkenina inflata Rey, 1939, Soc. géol. France 
Bull., sér. 5, vol. 8, fasc. 5-6, pl. 22, figs. 18a, 
b, c, p. 330, text-fig. f. 

Hantkenina (Sporohantkenina) bermudezi THAL- 
MANN, 1942, Am. Assoc. Petroleum Geologists 
27th Ann. Convention Program, pp. 49-50 
(nomen nudum). 

Hantkenina (Cribrohantkenina) bermudezi THAL- 
MANN, 1942, Am. Jour. Science, vol. 240, p. 812, 
pl. 1, fig. 5, 6a-c. 

Hantkenina danvillensis BERGQuIST, 1942, Mis- 
sissippi State Geol. Survey Bull. 49, p. 10, 
figs. la, b. 

Cribrohantkenina mccordi CUSHMAN, 1946, Cush- 
man Lab. Foram. Research Special Pub. 16, 
p. 38, pl. 7, figs. 18-22; Banpy, 1949, Bull. Am. 
Paleontology, vol. 32, pp. 76, 77, pl. 11, figs. 
10a, b. 

Cribrohantkenina brevispina CUSHMAN, 1948, The 
Foraminifera, their classification and eco- 
nomic use, 4th ed., key, pl. 54, figs. 1, 2. 


Lectotype.—(Here designated.) Mem. Soc. 
Cubana Hist. Nat., vol. 11, pl. 19, fig. 9. 
Eocene, Palmer Station 1640, just north of 
Grua 9, Ramal Juan Criollo, Central 
Jatibonico, Camaguey Province, Cuba. 

Thalmann (1942b, p. 812) designated 
“Bermudez’ specimen on his plate 19, 
figures 8-10 (non fig. 7)...as subgeno- 
type.”’ Possibly he intended by this state- 
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ment to designate a holotype for the species 
H. bermudezi, since a specimen can not be 
the type of a genus or subgenus. However, 
at least two specimens and possibly three 
are shown in figures 8-10. 

Description.—The subcircular test is com- 
posed of five to six chambers, which are 
strongly inflated, the end chamber even 
becoming subglobular. The depressed su- 
tures are straight in the early portion of the 
last whorl, later curved. The rather short 
spines are inserted above the sutures except 
in early ontogenetic stages where they are in 
the prolongation of the sutures as in 
Hantkenina s.s., or even below the sutures as 
in A pplinella. The spines stand free in the 
early stages, later they become completely 
embraced by the backward-growing sub- 
globular chambers. In the _last-formed 
chambers, the spines are part of the aper- 
tural face (Bermudez, 1937b, pl. 19, fig. 
10) and more or less tangential to the whorl, 
pointing in the direction of coiling. The spine 
of the last chamber is generally broken off 
and leaves a large subcircular or irregular 
hole in the thin chamber wall. The umbilicus 
is deep and distinct. 

The aperture varies according to the onto- 
genetic stage. In young specimens it is the 
usual arched slit, with small basal lobes and 
lateral lips as in typical representatives of 
the subgenus Hantkenina (Cushman, 1936, 
pl. 7, fig. 20). Later stages show the slit very 
much narrower and the basal lobes and their 
lateral projections well developed. Then the 
vertical slit disappears and the aperture is 
replaced by a larger opening formed by the 
amalgamation of the basal lobes which may 
be accompanied by two or three small sub- 
circular pores slightly above the _ basal 
aperture. Finally the last stage is charac- 
terized by a multiple aperture composed of 
a row of three or more large subcircular 
pores above a low horizontal basal slit. 
Bermudez (1937b, pl. 19, figs. 7, 8-10) 
figured specimens with more than one row 
of circular openings and it seems from his 
figure 7 that the horizontal basat slit is com- 
pletely reduced and the aperture replaced 
by the subcircular openings. The latter 
possess distinct lip-like projections. Similar 
_ projections have been referred to by Bandy 
(1949). The low horizontal aperture also 
carries a lip. 
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The multiple apertures of the end chan. 
ber of one of the Trinidad specimens consist 
of two broad, slightly divergent vertica| 
slits, without accessory pores. The asym. 
metrical, usually much larger and irregu- 
larly shaped opening without lips above the 
openings proper, is due to the usual broken. 
off condition of the last spine. 

That part of the chamber with the sub. 
circular pores is large compared with the sur. 
face of the whole chamber and shows a 
slightly different color and its wall is much 
thinner than that of the remainder of the 
test. 

Figures of four successive ontogenetic 
stages of this species (pl. 56, figs. 6-9) dem. 
onstrate the development of the aperture 
during ontogeny. Figure 8 shows a rather 
inflated end chamber with vertically arched 
and fairly broad slit-like aperture and small 
basal lobes. The lateral projections are dis- 
tinct. The single large subcircular opening, 
just at the outer edge of the frontal portion 
of the chamber, is produced by the broken- 
off last spine. The spine itself is still outside 
the apertural portion of the chamber and 
the adjacent younger chamber would have 
embraced only its basal part, as in Z. 
suprasuturalis. The area of the aperture is 
large compared with the surface of the cham- 
ber. The next stage is illustrated by figure 9. 
The lateral lobes of the apertural slit are 
very well developed and the lateral lips are 
small but distinct. The large asymmetrical 





opening, just above the slit, again is due to 
the broken-off spine of this chamber. Here 
the spine is completely enyeloped by the 
adjacent younger chamber. The area of the 
aperture becomes larger in relation to that 
of the chamber. Figure 6 shows an aperture 
modified in the direction of the typical mul- 
tiple aperture of Cribrohantkenina. This 
specimen- approaches the ultimate onto- 
genetic stage. The last chamber is strongly 
inflated and subglobular. Its aperture is 
represented by a) a distinct horizontal 
basal slit with small lips, and b) two small 
additional subcircular pores in a row above 
the basal opening. Here also, lip-like projec- 
tions seem to be present. The asymmetrical 
large opening within the apertural area is 
due to the broken-off last spine. The last 
ontogenetic stage is shown in figure 7 with 
the fully developed multiple aperture con- 
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sisting of @) a comparatively low basal slit 
with large lip covering part of the inner- 
most chamber of the last whorl, and )d) 
three large subcircular pores in a row above 
the basal slit. They are provided with well 
developed lips. 

The basal slit obviously becomes smaller 
and may perhaps be completely replaced by 
the subcircular pores (Bermudez, 1937b, 
pl. 19, fig. 7). The apertural area is large 
and includes the pores and the last-formed 
spine which is completely enveloped by the 
next younger chamber. 

The surface of the test is smooth, except 
for the early stages, which are slightly gran- 
ular as in JZ. alabamensis. The walls are 
finely perforate and thin. 

Maximum diameter without spines: 0.2— 
+1.0 mm. 

Length of spines: +0.1—0.2 mm. 

Maximum radial diameter of last-formed 
chamber of largest specimens; +0.4 mm. 

Remarks.—The Trinidad specimens agree 
exactly with H. bermudezt. 

Early ontogenetic stages of this species 
with spines in or slightly below the sutures 
and with its basal portion partly enveloped 
might be mistaken for H. suprasuturalis 
but the adult stages of these species differ 
considerably in the aperture and in the 
general shape of the last-formed chambers 
and therefore may be easily distinguished. 

Occurrence—Trinidad: San Fernando 
Group, upper Eocene. Barbados: ?Oceanic 
formation (upper Eocene part). 
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AUSTRALIAN TERTIARY MICROFAUNAS AND THEIR 
RELATIONSHIPS TO ASSEMBLAGES ELSEWHERE 
IN THE PACIFIC REGION! 


IRENE CRESPIN 
Bureau of Mineral Resources, Geology and Geophysics, Canberra, Australia 





ABSTRACT—Marine Tertiary rocks in Australia are confined chiefly to narrow 
strips along the western and southern coasts of the mainland and the north coast 
of Tasmania. Differences in sedimentation and foraminiferal assemblages suggest 
that they were laid down in two major sedimentary provinces here designated the 
Austral-Indo-Pacific province and the Bass Strait province. The foraminiferal as- 
semblages in each province are discussed and correlations with other areas in the 
Indo-Pacific region and New Zealand are suggested. 





INTRODUCTION 


RIOR to the last twenty years the strati- 
Posse sequence, age and correlation of 
the marine Tertiary deposits in Australia 
were based entirely on the distribution of 
megafossils. Since that time, and as the 
search for oil in the Commonwealth has 
gradually gained momentum, with investi. 
gations being placed on a more scientific 
basis, the value of microfossils for zoning and 
as age determinants has become more uni- 
versally recognized. Unfortunately there 
are few micropaleontologists in Australia, 
with the result that zoning of the beds by 
means of Foraminifera has not been devel- 
oped to the same extent asin other countries. 
However, the work that has been and is 
being carried out in this sphere has consid- 
erably broadened our knowledge of the age 
and stratigraphic sequence of the Australian 
Tertiaries and has thrown much light on 
bathymetric and climatic conditions at the 
time of deposition. There is still some dis- 
cussion as to the age of certain of the marine 
Tertiaries in southeastern Australia and, 
because of the absence of well known genera 
and species of larger Foraminifera which 
are diagnostic of age and are of zonal 
importance in the Indo-Pacific assemblages 
generally, the writer has been unwilling to 
admit a lower Miocene age for some of 
them. Conditions were more favorable in 


1 This paper, based on a contribution read 
at the Seventh Pacific Science Congress in New 
Zealand, February, 1949, is published with the 
permission of the Director, Bureau of Mineral 
Resources, Geology and Geophysics, Canberra, 
Australia. 


this part of Australia for the development 
of smaller species and on recent evidence it 
seems that certain beds will have to be re- 
ferred to the lower Miocene. 


DISTRIBUTION OF MARINE TERTIARIES 
IN AUSTRALIA 


An outstanding feature of the distribution 
of the Australian Tertiaries is the absence 
of marine deposits in the eastern, northern 
and central parts of the Australian conti- 
nent. According to Singleton (1941) the 
marine Tertiaries occupy about six and a 
quarter per cent of the whole area of approxi- 
mately three million square miles. The 
known deposits occur along the west coast 
of Western Australia from North West Cape 
at latitude 21°46’ S, longitude 114°6’ E to 
Cape Cuvier and farther south to localities 
south of Perth, and from there across the 
southern portion of the stateon the Nullarbor 
Plains and along the shores of the Great 
Australian Bight into South Australia, 
southwestern New South Wales and north- 
western Victoria. Thence they extend across 
the southern part of Victoria to about lati- 
tude 37°50’S, longitude 148°5’E (near Obrost, 
about 45 miles east of Lakes Entrance) 
and the northern coast of Tasmania and 
various islands in Bass Strait. A consider- 
able area of marine Tertiaries in southeast- 
ern Australia is covered with sands of Pleis- 
tocene to Recent age but the actual extent 
of the deposits has been proved by boring for 
oil or water. 

The deposits in Western Australia and 
across the southern part of the continent 
as far as Adelaide are relatively thin, but in 
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southwestern Victoria boring has proved 
nearly 7,000 feet of marine sediments and in 
southeastern Victoria at least 3,500 feet. 

Differences in sedimentation and forami- 
niferal assemblages suggest that the deposits 
were laid down in two major sedimentary 
provinces, for which the following names 
are proposed : 

1. The Austral-Indo-Pacific province 

2. The Bass Strait province. 

The Austral-Indo-Pacific province occupies 
a very large area. Its western boundary is 
along the coast of Western Australia south 
from North West Cape. The southern bound- 
ary is along the shores of the Great Aus- 
tralian Bight to the vicinity of Adelaide, 
South Australia, and its eastern limits in 
northwestern Victoria. In the southern por- 
tion of the province the northern boundary is 
near the edge of the Nullarbor Plains and in 
southwestern New South Wales (Crespin, 
1948). The component rocks contain forami- 
niferal assemblages which suggest a south- 
erly extension from the Netherlands East 
Indies of bathymetric and climatic condi- 
tions that prevailed throughout the Indo- 
Pacific region from the Eocene to the 
Pliocene. The sediments comprise foraminif- 
eral and bryozoal limestones and calcareous 
sandstones of Eocene, Oligocene, Miocene 
and Pliocene ages and all are known from 
outcrops. Although Pliocene rocks are 
exposed in the North West Basin of Western 
Australia, they occur mainly in subsurface 
deposits in the vicinity of Adelaide. A facies 
of Eocene age, suggestive of deeper water 
and cooler climate, has been proved in 
bores drilled for water in Perth. Rocks of 
similar types to those found in the North 
West Basin also occur on the Nullarbor 
Plains and along the shores of the Great 
Australian Bight, a distance of more than 
1,000 miles separating North-west Cape 
and Ooldea. 

Foraminifera in the rocks of the Austral- 
Indo-Pacific Province are chiefly subtropical 
genera, indicating deposition in shallow 
water under conditions which suggest the 
proximity of coral reefs. Many of the species 
have been recognized as zonal forms in the 
Tertiary deposits of the Indo-Pacific region, 
as in Japan, the Philippines, Sumatra, Java, 
New Guinea, New Hebrides and the Solo- 
mons. These assemblages are discussed in 
the next section of this paper. 


The Bass Strait province has its western 
boundary in southeastern South Australia 
and its eastern one in southeastern Vic- 
toria near Orbost. Its northern limit is 
south of the Great Dividing Range of Vic- 
toria and its southern one in northern 
Tasmania and in the islands in Bass Strait 
which separates the mainland from Tas- 
mania. The sediments comprise bryozoan 
limestones, marly limestones, bryozoan and 
foraminiferal marls, glauconitic sandstones 
and limestones, fine sandy marls and cal- 
careous sandstones. They contain forami- 
niferal assemblages indicative of a more tem- 

erate climate and deeper water conditions 
than are found in the Austral-Indo-Pacific 
province. In middle Miocene times condi- 
tions due probably, as suggested by Glaess- 
ner (1943) to “short-lived climatic or 
ecologic changes creating a suitable environ- 
ment for warm-water species and genera,” 
existed throughout the whole province for a 
short time during which Lepidocyclina 
limestones were deposited. This condition 
is well illustrated at the quarries of the 
Australian Portland Cement Company at 
Batesford and Fyansford near Geelong, 
Victoria, where nearly 200 feet of Lepi- 
docyclina-bearing rocks are exposed in the 
face of the quarry. 

The beds in this deeper, cooler-water 
sedimentary basin of southeastern Australia, 
are much thicker than those in the Austral- 
Indo-Pacific province. In the Holland’s 
Landing Bore in southeastern Victoria, 
more than 3,500 feet of Tertiary sediments 
have been proved resting on rock of Jurassic 
age. In the Nelson Bore, in southwestern 
Victoria, 7,299 feet of probably Tertiary 
sediments have been proved, with micro- 
fossils down to the depth of 6,571 feet. 

Facies changes are more marked in the 
deposits of the Bass Strait province than in 
the Austral-Indo-Pacific province and _ be- 
cause of these changes considerable contro- 
versy has centered around the age and 
correlation of various units. The forami- 
niferal assemblages, except in the Lepido- 
cyclina zone, are composed of small species 
only, a small percentage of them being defi- 
nitely restricted to certain zones. 


CHARACTERISTIC MICROFAUNAL ASSEMBLAGES 


The foraminiferal assemblages in beds 
comprising the two major sedimentary prov- 
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inces of the marine Tertiaries of Australia 
are so diverse that it seems advisable to 
consider them independently and later to 
indicate possible correlations. 


Austral-Indo-Pacific province 


The stratigraphic position of beds in this 
province has been based on the assemblages 
of the larger Foraminifera, the majority of 
which have been described from deposits in 
the Netherlands East Indies by such well- 
known paleontologists as Martin, Schlum- 
berger, Douvillé, Provale, Van der Vlerk, 
Umbgrove and Tan Sin Hok. Chapman, 
Howchin, Parr and Crespin have contribu- 
ted to the knowledge of Australian species. 
A notable feature of the assemblages in the 
province is the recurrence of ecologic condi- 
tions suitable for the existence of certain 
smaller, shallow, warm-water genera from 
the Eocene up to the Pliocene. These 
generally include Peneroplis, Valvulina and 
Sorites. They occur in association with the 
warm shallow-water genera such as Dis- 
cocyclina and Asterocylena in the Eocene of 
the Cape Cuvier-Red Bluff section; with 
Austrotrilliina and Marginopora in the 
middle Miocene of the North West Cape, 
Exmouth Gulf, Cape Cuvier and Red 
Bluff sections, on the Nullarbor Plains, 
along the shores of the Great Australian 
Bight, in the Adelaide area and in north- 
western Victoria; and with Marginopora in 
the Pliocene at several localities in the 
province, especially in the vicinity of Adel- 
aide. 

The “‘letter’’ classification introduced by 
the Dutch paleontologists Van der Vierk 
and Umbgrove in 1927 for the Tertiary 
deposits in the Netherlands East Indies, 
which is based on the distribution of the 
larger Foraminifera, is used in this paper. 
The original scheme of classification has 
been modified by Tan Sin Hok (1939) and 
Glaessner (1943). The writer (1948) has 
suggested a simplified scheme for use in 
Australia which is set out below. 


Pliocene: Absence of larger zonal Fora- 
minifera. 

Upper Miocene (f;): Trybliolepidina rut- 
tent. 

Middle Miocene (f,-f2): Nephrolepidina, 
Miogypsina, Flosculinella, Cycloclypeus, 
Austrotrillina. 
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Lower Miocene (e): Eulepidina, Spiro- 
clypeus, Neoalveolina. 


Oligocene: Eulepidina and _ reticulate 
Nummulites. 
Eocene: Assilina, Nummulites, Pellatj- 


spira, Discocyclina. 


Eocene.—Rocks of this age containing 
larger Foraminifera of zonal value are re- 
stricted, so far as is known, to the 
North West Cape-Cape Cuvier - section. 
Chapman and Crespin (1935) made the 
first record of Eocene forms in the Giralia- 
Bullara district where they listed Nummu- 
lites, Discocyclina, and FPellatispira from 
rocks collected by E. A. Rudd and D, 
Dale Condit. Further material was collected 
later by H. G. Raggatt from the same area. 
The author has more recently discovered a 
fairly rich assemblage of Diuscocyclina, 
Asterocyclina and Pellatispira in limestones 
collected by E. A. Rudd in the Cape Cuvier 
section. Up to the present the species of 
Discocylina and Asterocyclina have been 
referred to the well known European forms 
as D. dispansa (Sowerby), D. pratti (Miche- 
lotti) and A. stellata (Gumbel). Species of 
Pellatispira include P. glabra Umbgrove, P. 
orbitoidea Umbgrove and P. inflata Provale. 
Nummulites is not common. The assemblage 
generally suggests an upper Eocene zone. 

Parr (1938) referred an assemblage of 
smaller Foraminifera in calcareous shales 
from a bore in King’s Park, Perth, to the 
Eocene, but there is no indication with what 
part of the Eocene it can be correlated. 

Oligocene.—Rocks containing a character- 
istic Oligocene assemblage are restricted to 
localities in the Cape Range area in the vi- 
cinity of North West Cape. The assemblage 
includes Eulepidina dilatata (Michelotti), 
E. papuaensis (Chapman), large Cyclocly- 
peus such as C. eidae Tan and small reticu- 
late Nummulites, possibly related to N. 
intermedia. Chapman recognised F. dilatata 
in limestones collected by F. G. Clapp from 
Exmouth Gulf in 1927. 

Lower Miocene (‘‘e’’ stage).—Assemblages 
characteristic of this stage have not been 
found south of the North West Basin. 
Typical species include Eulepidina insulaen- 
atalis (Jones and Chapman), /. papauensis 
(Chapman,) Spiroclypeus tidoenganensis Van 
der Vlerk, Neoalveolina pygmea (Hanzawa) 
and small nephrolepidines. Lulepidina, 
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Spiroclypeus and WNeoalveolina are not 
known above the top of stage ‘‘e.”’ 

Middle to upper Miocene (‘‘f’ stage). 
Limestones containing typical ‘‘f”’ assem- 
blages are widespread throughout the 
Austral-Indo-Pacific province. They occur 
at localities south from North West Cape 
through to Adelaide and _ northwestern 
Victoria where they are known mainly from 
subsurface sections. As yet no upper 
Miocene rocks containing Trybliolepidina 
rutteni have been found. 

Crespin (1948) has subdivided the “f” 
stage rocks into “‘f,-f2’’ and ‘‘f.-f3,’’ each 
subdivision having typical assemblages. The 
“{.-f.” subdivision contains a lower and an 
upper zone, the former containing species of 
Nephrolepidina and Cycloclypeus and the 
latter Nephrolepidina with some species 
showing Trybliolepidina tendencies, Flos- 
culinella, Cycloclypeus and Miogypsina and 
so far is restricted to northwest Australia. 
The ‘‘f2-f*’ assemblages are found over a 
wide area from North West Cape to north- 
western Victoria. 

Two assemblages have been recognised, 
both contemporaneous in age, the dif- 
ference in species being due to ecologic 
changes. One assemblage contains Nephro- 
lepidina, Trybliolepidina. Flosculinella and 
Marginopora together with small miliolids. 
Lepidocyclinas are absent from the second 
assemblage and are apparently replaced by 
Austrotrillina which is associated with 
Flosculinella, Marginopora, Valvulina, Pene- 
roplis and small miliolids. 

Pliocene—No larger zonal Foraminifera 
are known from the Pliocene in the Indo- 
Pacific. However, in the Austral-Indo- 
Pacific province a characteristic assemblage 
of smaller, warm, shallow water forms now 
living in Indo-Pacific waters is associated 
with large and numerous tests of Margi- 
nopora vertebralis Quoy and Gaimard. 
Other species include Sorites marginalis 
(Lamarck), Peneroplis planatus (Fichtel and 
Moll) Valvulina davidiana Chapman, V. 
fusca (Williamson), Cribobulimina  poly- 
stoma (Parker and Jones) Massilina lapi- 
digera (Howchin and Parr), Flintina tri- 
quetra (Brady), Epistomaria polystomelloides 
(Parker and Jones) and Rotalia beccarii 
Linné. Species described from Pliocene 
deposits are Flintina intermedia (Howchin), 





Discorbis cycloclypeus Howchin and Parr 
and Elphidium adelaidensis Howchin and 
Parr. The assemblage is well represented 
in the vicinity of Adelaide where it occurs 
in calcareous sandstones which cover a con- 
siderable area under the Adelaide Plains. It 
constitutes the characteristic microfauna of 
the Adelaidean stage which is regarded as 
lower Pliocene. The assemblage is also 
present in limestones in northwest Aus- 
tralia and at localities on the Nullarbor 
Plains. 


Bass Strait Province 


As already noted there is a sharp con- 
trast in the foraminiferal assemblages in the 
marine Tertiaries of this Province compared 
with those in the Austral-Indo-Pacific prov- 
ince and except for the Lepidocyclina 
horizon in the middle Miocene, no direct 
relationship has yet been found for the letter 
classification of the Indo-Pacific Tertiary 
region. With the exception of the Lepido- 
cyclinas, all species are small and indicate 
more temperate and rather deeper water 
conditions during deposition. 

The Tertiaries of the Bass Strait province 
are generally divided into the following 
stratigraphic stages, which are arranged in 
ascending sequence, the Anglesean, Jan- 
jukian, Balcombian, Mitchellian and 
Kalimnan, each stage having a distinctive 
foraminiferal assemblage. The writer, after 
prolonged investigations of the Tertiary 
deposits of southeastern Victoria (1943b) 
suggested that the majority of the marine 
Tertiaries of the Bass Strait province are 
middle Miocene in age. This suggestion was 
based on the absence of larger genera and 
species as age determinants in the beds be- 
low the Lepidocyclina zone and the long 
stratigraphic range of some forms which has 
been regarded previously as restricted to the 
Balcombian stage. However, more recent 
lines of investigation (Le Roy, 1948), such 
as the absence of Orbulina universa in the 
underlying Janjukian and Anglesean stages, 
seem to indicate that the lower Miocene 
may be present. 

Eocene—The only record of Eocene 
Foraminifera in this province is in the 
Brown’s Creek-Hamilton Creek section, 
northwest of Cape Otway in western Vic- 
toria, from which Parr (1945) determined 
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the typical, though not restricted, Eocene 
genus J/antkenina from glauconitic clays. 
The associated forms have not yet been 
described by Parr but he listed numerous 
genera noting that the Eocene form de- 
scribed by Cole (1927) as Nonion micrus 
is also common at both localities. Parr and 
Glaessner recorded Foraminifera in fos- 
siliferous grits from Pebble Point south- 
east of Princetown regarded by Baker 
(1943), Singleton (1943) and _ Teichert 
(1943) as Eocene in age, but /lantkenina 
was not found. 

Oligocene.—No distinctive species of Oli- 
gocene age have yet been determined in the 
province. 

Miocene.—The assemblages in the Angle- 
sean, Janjukian, Balcombian and Mitchel- 
lian stages are discussed below. As already 
suggested, it is most probable that the 
Anglesean and Janjukian stages are of 
lower Miocene age. The Balcombian stage 
is middle Miocene and the Mitchellian is 
regarded as upper Miocene. 

Anglesean stage-——This stage is charac- 
terized in both southeastern South Aus- 
tralia and throughout Victoria by lignitic 
sandstones and sandy clays which in many 
subsurface sections are intercalated with 
bands of brown coal up to 60 feet thick. At 
the type area for the stage at Anglesea in 
western Victoria, and in bores, the pre- 
dominant foraminiferal genus is Cyclam- 
mina which is represented by such species as 
C. incisa Stache, C. paupera Chapman and 
C. rotundata Chapman and Crespin. As- 
sociated with these species in many bores 
in Gippsland are typical Janjukian and 
Balcombian forms and it is the presence of 
the latter that led the writer to regard the 
Anglesean as middle Miocene. 

Janjukian stage——Foraminifera are nu- 
merous in the deposits of this stage, which 
are widespread in the province. They occur 
in outcrop in southeastern South Australia, 
southern Victoria, and northwestern Tas- 
mania and are known from lower portions 
of certain bores in northwestern Victoria. 
Investigations on the microfauna of nu- 
merous bores in Gippsland, eastern Victoria, 
have revealed that the stratigraphic range 
of some species which have been regarded 
as being restricted to the overlying Bal- 
combian, actually appeared in the Jan- 
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jukian. Nevertheless, a small assemblage of 
species is characteristic of the stage where. 
ever it has been recognized in the province. 
It includes such forms as Massilina tor. 
quayensis (Chapman), Victoriella  plecte 
(Chapman), Vaginulinopsis gippslandica 
(Chapman and Crespin), Sherbornina gt. 
kinsont Chapman, Lamarckina glencoensis 
Chapman and Crespin, Calcarina cf. mackayj 
(Karrer) and Bulimina pupula Stache. 

Balcombian stage.—At the present timethe 
Lepidocyclina (Trybliolepidina) zone in Vic- 
toria is assumed to be part of the Bal- 
combian stage and because of the value of 
the subgenus Trybliolepidina as an age 
determinant elsewhere in the Indo-Pacific 
region, the stage is regarded as upper 
middle Miocene. Lepidocyclina and Austro- 
trillina are the only reliable criteria for 
correlation of the Bass Strait province with 
the Austral-Indo-Pacific province. The 
Balcombian stage with its distinctive as- 
semblage is widespread throughout the 
province in which it is found in outcrop and 
in bores from south-eastern South Australia, 
southern Victoria and in islands in Bass 
Strait. 

The generally recognized assemblage, 
excluding Lepidocyclina, Cycloclypeus and 
Austrotrillina, includes such species as 
Cibicides victoriensis Chapman, Parr and 
Collins, Heronallenia lingulata (Burroughs 
and Holland), 77. wilsoni (Heron-Allen and 
Earland), H. haliotis (H.-A., and E.) 
Ceratobulimina australia Cushman and 
Harris, Reussella ensiformis (Chapman), R. 
decorata (H.-A. and E.), Frondicularia 
lorifera Chapman, Notorotalia howchini (C., 
P. and C.), Eponides scabriculus (Chapman), 
Pulvinulinella tenuimarginata (C., P. and 
C.), Gypsina howchini Chapman, Planor- 
bulinella inaequilateralis (H.-A. and E.), P. 
plana (H.-A.and E.), Carpenteria rotaliformis 
Chapman and Crespin, C. alternata Chap- 
man and Crespin, Jofkerina semtornata 
(Howchin), Calcarina verriculata (Howchin 
and Parr), Crespinella umbonifera (Howchin 
and Parr), Operculina victoriensis (Chapman 
and Parr), and Amphistegina lessonii 
(d’Orbigny). 

Many of the species—Gypsina howchint, 
Planorbulinella plana, P. inaequilateralis, 
Hofkerina semiornata, Calcarina verriculaia 
and Operculina victoriensis—are invariably 
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associated with species of Lepidocyclina, 
Austrotrillina and Cycloclypeus. At Hamil- 
ton in western Victoria they occur with 
Lepidocyclina (Trybliolepidina) howchint. 
(Chapman and Crespin), Cycloclypeus vic- 
toriensis Crespin and A ustrotrillina howchini 
(Schlumberger); at Batesford with L. (T.) 
batesfordensis (Crespin) and C. victoriensis; 
at Flinders with L. (T.) howchini and C. 
victoriensis; and in Gippsland with L. (T7.) 
gippslandica Crespin, C. victoriensis var. 
gippslandica Crespin and A. howchini. The 
stratigraphic range of Lepidocyclina, Cyclo- 
clypeus and A ustrotrillina in the Bass Strait 
province is very limited and from this point 
of view the presence of any of these three 
genera is of utmost importance. 

Mitchellian stage—Few characteristic 
species have yet been discovered in this 
stage which is regarded as upper Miocene 
and which contains an intermingling of Bal- 
combian (middle Miocene) and Kalimnan 
(lower Pliocene) species. 

Pliocene—Two stages have been recog- 
nized in the Pliocene deposits of the Bass 
Strait province, the Kalimnan, which is re- 
ferred to the lower Pliocene, and the Werri- 
kooian which is referred to the upper Plio- 
cene. The only foraminiferal assemblage of 
any zonal importance is in the Kalimnan and 
itis in sharp contrast to that of the Balcom- 
bian. The assemblage is a shallow water one 
and contains many Recent species. It in- 
cludes such species as Massilina lapidigera 
(Howchin and Parr), Quinqueloculina am- 
mophila (Parr), Rectobolivina bifrons (Brady) 
var. striatula Cushman, Flintina intermedia 
(Howchin), Fabularia howchini Schlum- 
berger, Bulimina echinata (d’Orbigny), 
Glandulina kalimnensis Parr, Planulina 
kalimnensis Parr and Nonion victoriense 
Cushman. 


POSSIBLE CORRELATIONS WITHIN AND 
BEYOND AUSTRALIA 


The correlation of deposits in the major 
sedimentary provinces recognized in this 
paper cannot be satisfactorily undertaken 
until more detailed investigations have been 
carried out on the microfaunas of the Bass 
Strait province. Singleton (1941) published 
a tentative correlation of Tertiary deposits 
in Australia, but recent work on the micro- 
faunas from both provinces does not sup- 


port some of his suggestions. At present the 
only obvious correlations are in (1) the 
upper middle Miocene (f2-f3) deposits in 
both provinces in which zonal forms such as 
Lepidocyclina (Trybliolepidina) and Austro- 
trillina are found and (2) in the lower 
Pliocene, where the Kalimnan stage of the 
Bass Strait province is apparently the south- 
eastern Australian equivalent of the Ade- 
laidean stage of the Austral-Indo-Pacific 
province. Other characteristic species of the 
Victorian Lepidocyclina zone which are 
found in northwest Australia are Planor- 
bulinella plana, P. inaequilateralis, Cres- 
pinella umbonifera, Calcarina verriculata and 
Gypsina howchint. 

As regards the correlation of the Aus- 
tralian marine Tertiaries with deposits 
beyond Australia, the relationship of those 
in the Austral-Indo-Pacific province with 
the Netherlands East Indies has already 
been mentioned in the discussions of the 
foraminiferal assemblages, and further elab- 
oration seems unnecessary. Similar corre- 
lations can be made with deposits in other 
parts of the Indo-Pacific regions in Papua, 
New Guinea, the New Hebrides and the 
Solomons. It is fairly certain that the 
middle Miocene (‘‘f’’ stage) rocks of this 
province closely approximate the Rem- 
bangian stage of Java. As regards the Bass 
Strait province, evidence is accumulating 
in support of the Lepidocyclina zone of 
Victoria as also representing an extension 
of the Rembangian stage. 

The revisions of the stratigraphic classifi- 
cation of the New Zealand Tertiaries since 
1940 tend to confuse any attempt at correla- 
tion with Australia. In 1940 Finlay and 
Marwick put forward a scheme of classifica- 
tion for the Cretaceous and Tertiary rocks 
of New Zealand. This underwent revision in 
1946 and Finlay made further alterations in 
his paper ‘‘Foraminiferal evidence for 
Tertiary trans-Tasman correlation” in 1947. 
The most recent classification has just been 
put forward by Marwick and Finlay (1948) 
in which several new stages have been in- 
troduced. As it has not been possible yet to 
assimilate this new scheme, the following 
general remarks on the correlation of the 
New Zealand Tertiaries with those of 
Australia are based on Finlay’s work of 
1947. 
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Comparisons of the Australian and New 
Zealand Tertiary microfaunas seem to 
indicate that those of New Zealand are not 
as closely allied to assemblages of the Indo- 
Pacific region as are those of the Austral- 
Indo-Pacific province and of the Lepido- 
cyclina horizon in the Bass Strait province. 
The writer is of the opinion that character- 
istic species of Indo-Pacific assemblages do 
not extend southeast to New Zealand nor 
east of Australia beyond the New Hebrides. 
Consequently any correlation of the Aus- 
tralian Tertiary foraminiferal assemblages 
with those of New Zealand can be made only 
in the broadest sense. 

No attempt is made to correlate the 
Eocene beds containing Nummulites, Disco- 
cyclina, Pellatispira and Asterocyclina in 
northwest Australia with the Asteroyclina 
rocks of North Canterbury which Finlay 
regards as lower Eocene. With the absence 
of Assilina, the Western Australian lime- 
stones are referred to as upper Eocene. The 
suggestion by Finlay that the Cape Otway 
beds in Western Victoria may ultimately 
prove to be upper Eocene was _ possibly 
based on the discovery in this area of the 
genus Hantkenina by W. J. Parr (1947). As 
the microfauna from these rocks has not 
yet been described, it is premature to as- 
sume a correlation between them and the 
Hantkenina-bearing beds of the Kaiatan 
stage of the upper Eocene of New Zealand. 

As regards the Miocene of New Zealand, 
typical Miocene genera of the larger 
Foraminifera such as Eulepidina, Nephro- 
lepidina, Trybliolepidina, Cycloclypeus, and 
Miogypsina are present, but except for 
Cycloclypeus indopacificus var. terhaart Tan, 
no characteristic Indo-Pacific species have 
apparently been recorded. Certain smaller 
species which have been described from the 
middle Miocene (Lepidocyclina zone) in 
the Bass Strait province, such as Planor- 
bulinella plana, P. inaequilateralis, Gypsina 
howchini are widespread in occurrence in 
Australia in rocks of this age. They occur in 
New Zealand as in Australia, in association 
with trybliolepidine types of Lepidocyclina, 
but Finlay tends to regard such occurrences 
as lower Miocene. Finlay also regards the 
Lepidocyclina beds of Victoria as equivalent 
‘of the Preangerian stage of Java and at 
the same time correlates them with the 
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lower Tutomae of New Zealand. The 
writer, however, prefers at present to regard 
them as related to the upper Rembangian 
stage. An important feature of the as. 
semblage in the Indo-Pacific region is the 
presence of Austrotrillina howchini which 
up to the present has not been found to 
range higher than upper Rembangian and 
which is absent from New Zealand as. 
semblages. The absence of this form which 
has a widespread distribution in the Indo- 
Pacific region is evidence against the sug- 
gestion that true Indo-Pacific conditions 
extended to New Zealand in Miocene times, 
No attempt is made on the basis of micro- 
faunas to correlate the Pliocene deposits of 
the two countries. However, there seems to 
be some faunal relationship between the 
mollusca of the Kalimnan of Victoria and 
the Waitotaran of New Zealand, both of 
which are regarded as lower Pliocene. 
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Asstract—The Oquirrh formation of the south-central Wasatch Mountains of 
Utah is approximately 26,000 feet thick. The lower 16,200 feet are referred to the 
Pennsylvanian, and the upper 9,800 feet to the Permian. Fusulinids herein 
described and illustrated indicate that most of the lower 11,900 feet of the formation 
are to be referred to the Desmoinesian stage of the Oklan series, the following 3,000 
feet to the Missourian stage of the Kawvian series, and the next 1,300 feet to the 
Virgilian stage of the Kawvian series. Two species of Fusulina and one species of 
Wedekindellina are described and illustrated from the Desmoinesian, eight species 
of Triticites from the Missourian, and three species of Triticites and one species of 
Waeringella from the Virgilian part of the formation. No fusulinids of Morrowan, 
Atokan, upper Desmoinesian or upper Virgilian ages are present among the nu- 
merous collections studied from the Oquirrh. 





INTRODUCTION 


g pen Oquirrh formation of the south- 
central Wasatch Mountains is ap- 
proximately 26,000 feet thick. For a num- 
ber of years the upper part has been con- 
sidered Permian Wolfcampian and _ the 
lower part Pennsylvanian in age. However, 
the position of the systemic break within 
the formation has not been recognized and 
the stratigraphic relationship between the 
rocks of the two systems has not been de- 
termined. Furthermore, it has not been 
demonstrated what parts of the Pennsyl- 
vanian system are represented by the lower 
Oquirrh or what parts of the Wolfcampian 
series are present above. Fusulinids that 
are being described by Thompson and 
Bissell show that the upper 9,800 feet of the 
Oquirrh is Permian in age. The collections 
studied in the preparation of this report 
were obtained from the lower 16,200 feet 
of the formation and they demonstrate that 
this part of the formation is Pennsylvanian. 
This study is based on 33 collections of 
fusulinids that represent the largest Penn- 
sylvanian fusulinid fauna so far reported 
from this part of America. Also, the 16,200 
feet of Pennsylvanian rocks referred to the 
Oquirrh is the thickest section of Pennsy]- 
_vanian rocks known west of southern 
Oklahoma. Although Pennsylvanian rocks 
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occur in many parts of the northern and 
central Rocky Mountains, fossils are ab- 
normally scarce in most of them, and it has 
been quite impossible to correlate most of 
them with the better known Pennsylvanian 
sections of the Mid-Continent area or to 
correlate the different Rocky Mountain 
sections with one another. 

Fusulinid foraminifers are excellent index 
fossils for correlation of rocks of Pennsyl- 
vanian age, and the large fauna of fusulinids 
in the Oquirrh seems to merit special con- 
sideration, especially because other types of 
fossils seem to be scarce in most of this thick 
section. The fusulinids studied permit cor- 
relation of the Oquirrh formation with many 
other American fusulinid-bearing Pennsyl- 
vanian rocks. 

Many individuals and organizations to 
whom we feel indebted have furnished col- 
lections from other areas for comparative 
study. Included among them are M. G. 
Cheney, C. O. Dunbar, R. V. Hollingsworth, 
R. C. Spivey, A. A. Stoyanow, E. N. 
Kjellesvig-Waering, J. Stewart Williams, 
and the State Geological Survey of Kansas. 
Financial aid in completing this report was 
given by the Research Committee of the 
University of Wisconsin from funds furn- 
ished by the Wisconsin Alumni Research 
Foundation. 
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SUMMARY OF EARLIER WORK 


The earliest geological work in the 
southern Wasatch area consisted of recon- 
naissance studies by geologists of the 
Wheeler Survey (Gilbert, 1875; Howell, 
1875) and the Fortieth Parallel Survey 
(Hague and Emmons, 1877). Gilbert and 
Howell briefly discussed the rocks in the 
mountain ranges of the Utah Lake area. 
They reported the occurrence of Carbo- 
niferous strata in the southern Wasatch and 
Oquirrh Mountains, which consist mainly 
of massive limestone overlain by sandstone 
or quartzite. King (1876) applied the term 
Wasatch limestone to 7,000 feet of rocks in 
the northern Wasatch Mountains that 
range in age from Upper Ordovician to 
Mississippian, and he used the term ‘‘Weber 
quartzite’ for the quartzites, sandstones 
and thin limestones in the southern Wasatch 
area. 

Spurr (1895) gave the name ‘Upper In- 
tercalated series” to the five or six thousand 
feet of interbedded limestone and sandstone 
in the Mercur District that are now assigned 
to the Oquirrh formation. 

Emmons (1895) considered the ‘‘Inter- 
calated series’ of the Timpanogos Peak 
area to be equivalent in age to the type 
section of the Weber quartzite. He also sug- 
gested that the “Intercalated series’ of 
Spurr corresponds in age to the upper part 
of the Wasatch limestone in the Cottonwood 
region, and considered them older than the 
typically developed Weber quartzite in 
Bingham Canyon. 

Boutwell, Keith, and Emmons (1905) 
grouped the Upper Carboniferous quartzites 
and interbedded rocks of the Bingham 
district under the term Bingham quartzite. 
They interpreted the interbedded limestone 
as lenses within the Bingham quartzite and 
suggested that they should all be grouped as 
a single formation. They recognized that 
the quartzites in the Bingham district 
were of the same age as part, at least, of 
the Weber quartzite, but the lower portion 
of the section that contains limestone was 
regarded by them as equivalent in age to 
the upper part of the “Intercalated series”’ 
farther to the south. 

Keyes (1924) used the name Oquirrh 
formation in a generalized section of the 
rocks of Utah and applied it to 500 feet of 


quartzite at the base of his Weberian series. 
As far as can be determined, this was the 
first usage of the term Oquirrh in a strati- 
graphic sense; however, no description or 
location of a type section was given. 

Nolan (1930) identified rocks in the Gold 
Hill quadrangle with the Oquirrh formation 
of the Oquirrh Mountains. He pointed out 
that this formation in the Gold Hill quad- 
rangle contains a central sandy facies and a 
western more calcareous facies. The western 
facies was considered by him to be about 
8,000 feet thick. Most of the western facies 
and all of the upper part of the central facies 
was reported to be Upper Pennsylvanian in 
age, and the lower few hundred feet of both 
facies were considered Lower Pennsyl- 
vanian. The upper part of the western facies 
was considered Permian in age. Nolan’s 
correlation of these strata in the Gold Hill 
area was with the Oquirrh formation in the 
Oquirrh Mountains, whose type locality was 
not described until two years later by Gilluly 
(1932). Nolan republished this information 
in 1935. 

Gilluly (1932) applied the term Oquirrh 
to a thick section of alternating limestones 
and sandstones or quartzites in the Oquirrh 
Mountains. He realized that the term had 
been used previously by Keyes (1924) but 
stated that he did not believe confusion 
would result because Keyes had given no 
description and had reported a thickness 
that was wholly at variance with the field 
evidence. Gilluly considered that the 
Oquirrh formation grades into the under- 
lying Manning Canyon shale and placed the 
boundary at a horizon where limestone 
becomes greatly preponderant. The lower 
1,000 feet of the Oquirrh was reported to 
contain only a few quartzite beds but they 
are more numerous higher in the section and 
compose most of the upper half of the forma- 
tion. Although the top of the Oquirrh 
formation was not observed in either the 
Fairfield or Stockton quadrangles, Gilluly 
was of the opinion that the total thickness 
of the formation exceeds 15,000 feet in the 
Oquirrh Mountains. He suggested that the 
formation was deposited in an: area where 
currents had access to a great amount of 
detrital material and that the greatest thick- 
ness accumulated in a trough whose axis 
corresponded to the general direction of the 
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Oquirrh-middle Wasatch Mountains. Girty 
(in Gilluly, 1932) reported on several fossil 
collections from the Oquirrh Mountains 
and considered the entire formation to be 
Pennsylvanian in age. 

Gilluly (1932) considered it highly prob- 
able that the Weber quartzite of the 
Wasatch Mountains is equivalent in age to 
some part of the Oquirrh formation, but 
observed that its thickness is only a fraction 
of that of the Oquirrh. The Wells formation 
of northern Utah and southeastern Idaho 
and the Talisman quartzite and Elephant 
limestone of the San Francisco district 
were also considered by Gilluly to be 
equivalent in part to the Oquirrh, but exact 
correlations were not possible at that time. 

Bissell (1936) used the term Oquirrh for 
interbedded sandstones and limestones in 
the southern Wasatch Mountains. He 
recognized two lithologic facies; a lower 
interbedded sandstone and limestone facies 
and an upper predominantly sandstone 
facies. The individual beds of sandstone 
and limestone are markedly thicker in the 
upper facies. He proposed to raise the 
Oquirrh to the rank of a series and named 
the lower facies the Kelly formation and the 
upper one the Hobble formation. 

Bissell (1939a, 1939b) zoned the Oquirrh 
strata on the basis of fusulinids and dis- 
tinguished the following zones: 


Zone of Pseudoschwag- 


eae highest Oquirrh 
Zone of Schwagerina...upper to highest Oquirrh 
Zone of Triticites.. ....middle to upper Oquirrh 
Zone of Fusulina...... lower Oquirrh 
Zone of Fusulinella.. . .lowest Oquirrh 


Although this preliminary zonation gives 
little detailed information, it is significant 
in that it shows that a major part of the 
Pennsylvanian system and at least the 
Lower Permian are represented in the 
Oquirrh. 


Baker and Williams (1940) stated that 
the Oquirrh formation underlies the Kirk. 
man limestone in the vicinity of Hobble 
Creek and that it is enormously thick. They 
described it as a fairly uniform lithologic 
unit of interbedded sandstones, limestones 
and quartzites that is in part, if not ep. 
tirely, of Pennsylvanian age. However, they 
added that the presence of Pseudoschwg. 
gerina and Schwagerina places the Pennsyl. 
vanian-Permian boundary somewhat below 
the top of the formation. 

Baker (1947) applied the term Oquirrh 
formation to rocks of the southern Wasatch 
Mountains south of the large thrust fault, 
the trace of which strikes east-west through 
Charleston, and reported a thickness of 
about 26,000 feet in the Provo River— 
Hobble Creek area. He described the lower 
1,200 feet as composed of thin- to thick- 
bedded limestones interbedded with gray 
shales and the upper part as composed 
dominantly of sandstone interbedded with 
lesser amounts of dark cherty limestone. 
Baker stated that preliminary studies of 
fusulinids showed that the Oquirrh contains 
rocks which range in age from Morrowan 
(2?) to middle or upper Wolfcampian or 
possibly Leonardian. 


STRATIGRAPHIC CONSIDERATIONS 


That part of the Oquirrh formation here 
referred to the Pennsylvanian system is 
about 16,200 feet thick and the 33 collec- 
tions studied in connection with this report 
were obtained at intervals throughout most 
of this part of the formation. However, no 
collection was studied from the lower 1,200 
feet or from the upper 1,000 feet assigned to 
the Pennsylvanian. The lowest collection 
studied is considered to be lower Des- 
moinesian in age and the highest collection 
is considered to be about middle Virgilian 
in age. All of the collections except one came 





EXPLANATION OF PLATE 57 


Fics. 1-8—Fusulina rockymontana Roth and Skinner, 1930. (See also plate 59.) 1, 3-6, Axial sections; 
2, sagittal section; 7, 8, tangential sections. All X10. J—-3, 6, From Collection U-1; 4, 5, 

7, 8, from Collection U-101; Spring Creek Canyon, Utah; Oquirrh formation. (p. 440) 

9-14— Fusulina sp. A. 9, 11, 13, Axial sections; 10, slightly oblique section showing double pro- 
loculi; /2, sagittal section; /4, tangential section. All X10. Collection U-200, Provo Canyon, 


Utah; Oquirrh formation. 


(p. 441) 


15-19—Wedekindellina matura Thompson, 1945. 15, 17, 19, Axial sections; 16, tangential section; 
18, sagittal section. All X20. Collection U-100, Provo Canyon, Utah; Oquirrh formation. 


(p. 439) 





a 





that 
Kirk. 
obble 
They 
ologic 
stones 
yt en- 
, they 
chwa- 
ansyl- 
below 


quirrh 
isatch 
fault, 
rough 
ss of 
iver— 
lower 
thick- 
- gray 
posed 
| with 
stone. 
ies of 
ntains 
rowan 
an or 


n here 
em is 
collec- 
report 
t most 
‘er, no 
- 1,200 
ned to 
lection 

Des- 
lection 
rgilian 
e came 





2ctions; 
i: 43, 
p. 440) 
nle pro- 


‘p. 441) 
section; 
mation. 


(p. 439) 











Pate 57 
JouRNAL or PaLEonTo.ocy, VoL. 24 


Thompson, Verville and Bissell, Pennsylvanian fusulinids 




















Journat oF PaLEonTotocy, VoL. 24 








Thompson, Verville and Bissell, Pennsylvanian fusulinids 











LATE 5} 











~] \ 








PENNSYLVANIAN FUSULINIDS 


from the upper one-third of the Pennsyl- 
vanian part of the Oquirrh and all of them 
came from the Wasatch Mountains in the 
Provo district from Timpanogos Peak just 
east of Pleasant Grove on the north to the 
Hobble Creek Canyon region east of Spring- 
ville on the south (fig. 1). 

The accompanying illustration (fig. 2) 
shows diagrammatically the general lithol- 
ogy of, the Pennsylvanian part of the 
Oquirrh formation and the stratigraphic 
positions from which some of the collections 
were obtained. 

All of the fusulinids studied from the 
lower 11,900 feet of the Oquirrh formation 
and described in this report are referable to 
Fusulina and Wedekindellina. The lowest 
collection described (Collection U-100) is 
from about 1,200 feet above the base of the 
formation and contains a form described 
below as Wedekindellina matura and an 
undescribed form of Fusulina. Both indicate 
that the containing rocks are lower Des- 
moinesian in age. 

No Fusulinella was found in the collec- 
tions studied. Baker (1947) reported Fusu- 
linella dakotensis and F. acuminata from 
about 5,250 feet above the base of the 
Oquirrh formation and Fusulinella aff. F. 
iowensis from about 5,750 feet above the 
base in the Provo area. He reported these 
three forms of Fusulinella as being Atokan 
or early Desmoinesian in age and as occur- 
ring about 2,500 feet above a form identified 
as Fusulina lonsdalensis which is a typical 
late Desmoinesian Marmaton species. Evi- 
dently this is either an error of identification 
or an error of stratigraphic interpretation. 
If Fusulinella occurs in the lowermost 
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Oquirrh it indicates that these basal beds 
are of lower Desmoinesian or older age.! 

Collections obtained from about 11,900 
feet above the base of the Oquirrh (Collec- 
tion U-101) contain a form described below 
as Fusulina rockymontana. This is widely as- 
sociated in the Rocky Mountain region with 
typical forms of Wedekindellina and it sug- 
gests that this part of the Oquirrh is 
Desmoinesian and of about the same age as 
the Cherokee group of the Mid-Continent 
region. No fusulinid was obtained from the 
10,700 foot interval between Collections U- 
100 and U-101. All of this part of the for- 
mation is considered to be lower Desmoi- 
nesian in age. 

No fusulinid of Marmaton age was found 
in our collections from this region. Mis- 
sourian forms of Triticites occur less than 
200 feet stratigraphically above the last 
occurrence of a Cherokee species of Fusulina. 
This strongly suggests that the Oklan- 
Kawvian? unconformity in the Provo area 
represents most, if not all, of Marmaton 
time. 

On the basis of conspecific forms of 
fusulinids the lower part of the Oquirrh 
formation can be correlated with Pennsyl- 
vanian rocks of other areas in the northern 

1 After the manuscript for this paper was com- 
pleted, A. A. Baker, J. W. Huddle and D. M. 
Kinney (1949, Am. Assoc. Petroleum Geologists 
Bull. 33, pp. 1161-1197) mentioned Millerella 
from the basal limestone unit of the Oquirrh. 
Numerous collections made by Bissell and 
Thompson from the lower part of this basal unit 
do not contain fusulinids more advanced than 
Millerella. 

2 Main divisions of the Pennsylvanian system- 
period used here are those proposed by Moore 
and Thompson (1949). 
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All figures X10. 


Fics. 1-11—Triticites springvillensis T., V. and B., n. sp. 1, Axial section of holotype; 2-4, 8-11, axial 
sections of paratypes; 5, 6, sagittal sections of paratypes; 7, tangential section of paratype. 
1,5, 7,10, From Collection U-102; 2, 3 from Collection U-3; 4, 5, 8, 9, 11, from Collection 


U-4. All collections from Hobble Creek Canyon, Utah; Oquirrh formation. 


(p. 444) 


12-13—Triticites nebraskensis Thompson, 1934. 12, 13, Axial sections of syntypes, Chanute 


shale, Richfield Quarries, Richfield, Nebraska. 


(p. 446) 


14, 15—Triticites irregularis (Staff) “first form” of White, 1932. 14, Axial section, Brownwood 
shale, 60 feet below Adams Branch limestone, Palo Pinto County, Texas. 15, Axial section 


Brownwood shale, Brownwood, Texas. 


(p. 446) 


16-18—Triticites pygmaeus Dunbar and Condra, 1928. Axial sections of syntypes, Lane shale, 


Louisville, Nebraska. 


(p. 446) 


19-21—Triticites irregularis (Staff), 1912. 19, Tangential section; 20, 2/, axial sections; from 


Winterset limestone, Winterset, Iowa. 





(p. 446) 
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Rocky Mountain region. Thompson (1945)  Fusulina and Wedekindellina. in the lower 
identified species of Fusulina and Wedekin- part of the Oquirrh and in the Youghall 
dellina from the Youghall formation in the formation indicates that the lower part of 
_ eastern Uinta Mountains and assigned the the Oquirrh is equivalent in age to the 
Youghall to the Desmoinesian stage. The Youghall. 
occurrence of conspecific forms of both Furthermore, this lower part of the 
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Fic. 2—Diagrammatic illustration of,the lithology and distribution of fusulinids in the Pennsylvanian 
part of the Oquirrh formation. Columns to left of diagrammatic illustration of lithology refer to 
(1) system, (2) series, (3) stage, (4) equivalent group terms used in the Mid-Continent region and 
(5) formation. Numbers to the right of column are collection numbers. (Tri 
all others, 6.9) 
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Oquirrh can be correlated with the McCoy 
formation of Colorado, the Roundtop group 
of eastern Wyoming, the upper part of the 
type Quadrant sandstone of northwestern 
Wyoming, and the basal part of the Ten- 
sleep sandstone of the Big Horn Mountains. 

The middle part of the Oquirrh formation 
in the Provo area contains about 4,300 feet 
of rocks of Kawvian age that are referable 
to the Zone of Triticites. Eleven forms of 
Triticites and one of Waeringella are de- 
scribed below from this upper part of the 
formation—eight forms of Triticites came 
from rocks considered to be Missourian and 
three forms of Triticites and one of Waerin- 
gella came from rocks considered to be 
Virgilian in age. The Missourian stage is 
represented by 3,000 feet of rocks that are 
equivalent in part to the Kansas City and 
Lansing groups of the Mid-Continent re- 
gion. The Virgilian stage is represented by 
1,300 feet of rocks that seemingly are of the 
same age as the Douglas and Shawnee 
groups of the Mid-Continent region. 

Triticites springvillensis, T. provoensis, T. 
sp. A, T. sp. B, and T. cf. T. irregularis are 
from the lower 2,000 feet of rocks assigned 
to the Kawvian series (fig. 2) and are 
among the most primitive representatives of 
Triticites known in America. They resemble 
previously described forms of the genus from 
Missourian rocks of Texas and the Mid- 
Continent, the eastern interior and the 
southern Rocky Mountain regions. The 
rocks from which these forms were obtained 
(Collections U-2, U-102-U-106) are con- 
sidered to be equivalent in age to the 
Kansas City group of Kansas and Nebraska 
and to part of the Cisco of Texas. 

Triticites grangerensis, T. plicatulus? and 
T. neglectus were collected from the upper 
1,000 feet of Missourian strata in the 
Oquirrh formation. T. plicatulus was de- 
scribed originally by Merchant and Keroher 
(1939) from the Spring Hill limestone of Kan- 
sas and T. neglectus was first recognized by 
Newell (1934) from the Captain Creek 
limestone of Kansas. 7. grangerensis is 
similar in many respects to both of these 
species and is considered to be only slightly 
older. The Utah rocks from which these 
_fusulinids were collected (Collections U-8, 

U-108, U-109) are Missourian in age and 
equivalent to the Lansing group of the 
Mid-Continent region. 
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The upper 1,200 feet of Pennsylvanian 
rocks in the Oquirrh formation are assigned 
to the Kawvian series and contain Triticites 
cullomensis, T. mediocris subsp. angustus, 
T. hobblensis and Waeringella bailkeyi. T. 
cullomensis was originally described by 
Dunbar and Condra (1928) from the Bejj 
limestone of Kansas and has been identified 
from the Ames limestone of Pennsylvania 
(Dunbar and Henbest, 1942) and _ the 
Jacksboro limestone of Texas (White, 1932), 
T. mediocris subsp. angustus was described 
originally by Dunbar and Henbest (1942) 
from the Greenup limestone of Illinois. T, 
hobblensis is similar in many respects to T. 
cullomensis and is considered to be only 
slightly younger. Waeringella *bailkeyi is 
similar to W. spiveyt, described originally 
from the Salem School limestone of Texas 
and known from lower Virgilian rocks over 
large areas of the Mid-Continent region. W. 
spiveyi is characteristic of the rocks near and 
including the Haskell limestone of lower 
Virgilian age. The occurrence of W. bailkeyi 
in the Oquirrh formation suggests that this 
part may be equivalent in age to the Doug- 
las group of the Mid-Continent area rather 
than to the Shawnee group as indicated on 
the accompanying chart (fig. 2). 

The only fusulinids of Kawvian age 
previously recognized from other areas of 
the northern Rocky Mountains are those 
reported by Williams (1943) as Triticites 
from 1,000 to 2,000 feet above the base of 
the Wells formation in the Wellsville Moun- 
tain section, those described by Thompson 
(1936a) from the Hartville limestone of 
eastern Wyoming as Triticites milleri and 
T. submucronata, and the undescribed forms 
reported by Condra, Reed and Sherer 
(1940) as Triticites ‘‘exiguus,”’ T. pygmaeus 
and 7. cullomensis from the Hartville area 
of eastern Wyoming. A comparison of the 
specimens collected by Williams from the 
Wells with our collections show that the 
Wells fusulinids are closely similar to 
Triticites springvillensis from about 12,000 
feet above the base of the Oquirrh forma- 
tion and indicate that the part of the Wells 
from which Williams obtained them is 
lower Missourian in age. 

The position of the Pennsylvanian- 
Permian contact has not been established 
exactly in the Provo area. Bissell (1939a) 
zoned the Oquirrh formation on the basis 
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of fusulinids but did not define the strati- 
graphic position of the boundary. Baker and 
Williams (1940) stated that the Pennsyl- 
yanian-Permian boundary is somewhat 
below the top of the Oquirrh formation. 
Baker (1947) published a section of the 
Oquirrh but did not attempt to locate the 
systemic contact precisely. He indicated its 
general stratigraphic position by considering 
about 3,500 feet of beds beginning about 
15,000 feet above the base of the formation 
as being Upper Pennsylvanian or lower 
Wolfcampian. 

The highest collection of Pennsylvanian 
fusulinids that we have studied is from 
about 2,000 feet stratigraphically below the 
lowest Permian forms. Because of the lack 
of fossils in this interval it is not possible 
to determine the systemic boundary pre- 
cisely on the basis of paleontology. How- 
ever, we are tentatively placing it at a 
highly shaley interval that seems to define 
a rather prominent lithologic change (fig. 
2). 

COLLECTION LOCALITIES 


The 33 collections of fusulinids from the 
Pennsylvanian portion of the Oquirrh 
formation in the south-central Wasatch 
Mountains that have been studied in the 
preparation of this report were obtained by 
Bissell during the period from 1932 to 1940. 
Thompson examined the section in 1944 and 
went over most of it again with Bissell in 
1949. The collections made at these later 
dates mostly duplicate earlier collections 
and none of them has been used in this 
study. The following collections are those 
from which specimens are described and 
illustrated in this report: 


U-1 Spring Creek Canyon 5 miles east of 
Springville, south wall, at an elevation of 
about 5,700 feet, 80 feet above the canyon 
floor: Fusulina rockymontana. 

U-2. One mile east of the mouth of Hobble 
Creek Canyon in sandstone below a thick 
limestone at an elevation just below 5,170 
feet: Triticites sp. A. 

U-3 One mile east of the mouth of Hobble 
Creek Canyon in limestone at an eleva- 
tion of about 5,170 feet: Triticites spring- 
villensis. 

U-4 From the first 100 feet of exposed rock in 
the ridge north of the power plant in the 
main canyon of Hobble Creek at an ele- 
vation of 5,920 feet: Triticites spring- 
villensis. 


U-6 


U-8 


U-12 
U-13 
U-100 
U-101 


U-102 


U-103 


U-104 


U-105 


U-106 


U-108 


U-109 


U-110 


U-111 


U-200 
U-205 


U-207 


Main branch of Hobble Creek Canyon 
at an elevation of 6,060 feet: Triticites 
springvillensis. 

From the upper part of a massive 50-foot 
bed of limestone north of and opposite 
the power plant in the main branch of 
Hobble Creek at an elevation of 6,500 to 
6,600 feet: Triticites plicatulus? 

At the mouth of the right hand fork of 
Hobble Creek at an elevation of 5,608 feet 
on Granger Mountain: Triticites cullo- 
mensis. 

Right hand fork of Hobble Creek Can- 
yon: Triticites hobblensis. 

Right hand fork of Hobble Creek Can- 
yon: Triticites hobblensis. 

Provo Canyon, east of Bridal Veil Falls: 
Wedekindellina matura and Fusulina sp. 
One-half mile east of the power plant in 
Spring Creek Canyon: Fusulina rocky- 
montana. 

About 75 feet above the power plant in 
the main canyon of Hobble Creek, north 
side: Triticites springvillensis. 

Main canyon of Hobble Creek, about 
600 feet stratigraphically above Collec- 
tion U-102: Triticites sp. B. 

Above the power plant in the main can- 
yon of Hobble Creek and stratigraphically 
600 to 700 feet above Collection U-103: 
Triticites provoensis. 

Main canyon of Hobble Creek, above the 
power plant and stratigraphically 500 to 
600 feet above Collection U-104: Triticites 
provoensis. 

One-fourth mile west of junction of Pole 
Haven Road with a tributary to the left 
fork of Hobble Creek Canyon: Triticites 
cf. T. irregularis. 

On the west face of Granger Ridge at an 
elevation of 5,800 feet, junction of forks of 
Hobble Creek Canyon: Triticites granger- 
ensis. 

On the west face of Granger Ridge at an 
elevation of about 6,000 feet, junction of 
forks of Hobble Creek Canyon: Triticites 
neglectus. 

From the first blue ledge of limestone on 
the north side of the mouth of the right 
fork of Hobble Creek Canyon: Waeringella 
bailkeyi and Triticites mediocris subsp. 
angustus. 

From the upper blue ledge of limestone 
on the north side of the mouth of the right 
fork of Hobble Creek Canyon: Triticites 
hobblensis. 

From the northwest ridge above Vivian 
Park, Provo Canyon: Fusulina sp. A. 

At the mouth of Clegg Canyon, a tribu- 
tary to Daniel’s Canyon, about 7 miles 
southeast of Heber, Utah: T7riticites cullo- 
mensis. 

From the ridge forming the east wall of 
Round Valley east by north of Walls- 
burg, Utah: Triticites cullomensis. 
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SYSTEMATIC PALEONTOLOGY 
Family FUSULINIDAE Moller, 1878 
Subfamily SCHUBERTELLINAE Skinner, 1931 
Genus WAERINGELLA Thompson, 1942 
WAERINGELLA BAILKEYI T., V. & B., n. sp. 
Plate 59, figures 1-5 


The shell is small, irregularly fusiform; 
with an inflated central portion, pointed 
poles, concave lateral slopes, and irregular 
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dark tectum. The lower less dense layer ang 
the tectum are present in the spirotheca of 
the last volution and may be primary. The 
lower less dense layer possibly corresponds 
to the diaphanotheca of other fusulinids 
although it is less transparent. The upper 








dense layer is comparable to the upper | 


tectorium of other fusulinids. Averages of 
the combined thicknesses of the tectum and 


TABLE 1.—MEASUREMENTS OF Waeringella bailkeyi, IN MILLIMETERS 


SPECIMEN 1 IS THE HOLOTYPE. 























Speci- L W Diam. Thickness of spirotheca (primary layers) 
men P ” prol. 1 + 5 6 7 
1 3.47 2 .i3 .060 .008 .010 .014 .016 .020 .018 a 
2 os .81 .062 .007 .008 .012 .014 .015 — — 
3 — .96 .060 .007 .008 011 .014 015 .016 — 
4 3.12 1.16 .083 .007 .008 .010 .012 .015 .017 — 
5 3.69 1.39 .095 .008 .008 .011 .014 .015 .022 — 
6 — 1.34 .076 .007 .008 .009 .012 .015 .016 .023 
Speci- Height of volutions Septal count 
men 1 3 4 6 1 Zz 5 6 
1 .036 .040 .057 .100 faa .192 -- — = — — — 
2 .028 .040 .054 .106 .143 — ~- ~- —— — — — 
3 .028 .044 .054 .091 183 .143 9 14 17 20 23 25 
4 .024 .034 .050 .079 me ie 135 — — — — — —_ 
5 .028 = .041 .064 .096 .142 .167 = -- _- — — _ 
6 .030 .041 .058 .080 .101 .146 — — — — — _ 
Speci- Form ratio of volutions runnel angle (degrees) 
men 1 2 3 4 5 6 1 3 4 5 6 
1 12 2.0 2.4 2.3 23 3.0 13 14 16 17 23 — 
4 1.5 <5 £7 2.0 2.2 2.35 11 13 14 19 21 — 
5 a | 2.4 2.8 2.8 Sf — 12 15 16 20 24 —_ 
6 — oo = — —_— — 12 16 15 18 25 





to curving axis of coiling. Specimens of six 
to six and a half volutions are 3.1 to 3.7 
mm. long and 1.0 to 1.4 mm. wide. Occa- 
sional specimens exhibit slightly endo- 
thyroid early volutions. Averages of the 
form ratio of the first to the sixth yvolution 
of three specimens are 1.5, 2.0, 2.3, 2.4, 
2.7 and 2.7, respectively. 

The proloculus is minute, and its outside 
diameter measures 60 to 95 microns, averag- 
ing 72 microns for six specimens. Averages 
of the height of the chambers in the first to 
the sixth volution of six specimens are 29, 
40, 56, 92, 120 and 156 microns, respectively. 

The spirotheca is thin and composed of 
three layers. The lower less dense layer is 
separated from the upper denser layer by a 





lower layer in the first to sixth volution in 
six specimens are 7, 8, 11, 13, 16 and 1/7 
microns, respectively. 

Averages of the tunnel angle for the sec- 
ond to the fifth volution of four specimens 
are 14, 16, 17 and 22 degrees, respectively. 
The chomata are one-half to two-thirds as 
high as the chambers immediately adjacent 
to the tunnel. In some _ volutions the 
chomata thin rapidly poleward; in others, 
the chomata persist poleward with little or 
no thinning. Deposits resembling axial 


ee See 





— 


filling are present in the polar portions of the | 


chambers. These deposits resemble the 
chomata and upper layer of the spirotheca 
in density and structure. 


Discussion.— Waeringella re- 
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sembles W. spiveyt Thompson, the only 
other described species of the genus, in size, 
shape, septal count and spirothecal thick- 
ness. However, the former has fewer volu- 
tions, greater height of chambers for corre- 
sponding volution, larger form ratio for 
early volutions, and apparently a larger 
tunnel angle for corresponding volutions. 

This species is named in honor of Dr. 
Nels M. Bailkey. 

The rocks in which W. bailkeyi is found 
are Virgilian in age and are correlated 
tentatively with the Douglas group of 
Kansas and the Graham group of the lower 
Cisco of Texas. 

Occurrence.—This species was collected 
from the first blue limestone ledge on the 
north side of the canyon at the mouth of the 
right fork of Hobble Creek Canyon, east of 
Springville, Utah (Collection U-110), about 


15,160 feet stratigraphically above the 
base of the Oquirrh formation where it is 
associated with Triticites mediocris subsp. 
angustus. 


Subfamily FusULININAE Rhumbler, 1895 
Genus WEDEKINDELLINA Dunbar & 
Henbest, 1933 
WEDEKINDELLINA MATURA Thompson 
Plate 57, figures 15-19 
Wedekindellina matura THOMPSON, 1945, Kansas 

Geol. Survey Bull. 60, pp. 56-58, pl. 4, figs. 1- 

12, pl. 5, fig. 5. 

This species was described originally from 
the lower part of the Youghall formation 
in the eastern part of the Uinta Mountains. 
However, the following description is based 
entirely on specimens from the Oquirrh 
formation in-the Wasatch Mountains. 

The shell is small and fusiform; with uni- 


TABLE 2.—MEASUREMENTS OF Wedekindellina matura, IN MILLIMETERS 






































Speci- Diam. Thickness of spirotheca 
ne L. W. prol. 1 2 5 6 7 
1 — — .089 .012 .014 .016 — — — — 
2 3.35 1.26 .075 .011 .012 .015 .016 .018 .020 .025 
K 2.33 1.43 .069 O11 012 .016 .016 .020 .022 .024 
4 1.86 .97 .075 .010 .013 .020 .021 .024 — — 
5 3.02 1.02 .079 .010 .013 .015 -016 .019 .020 .021 
6 3.19 1.10 .084 .013 .017 .018 .020 .025 .025 .028 
7 — .89 .078 .O11 O11 .013 .016 .020 .019 --- 
8 = nics ia alas cai om bis cous pas = 
9 = 1.06 .079 O11 .012 .013 .016 .020 — _— 
10 — — — —_ — oo = _- — —_ 
Speci- Height of volutions Septal count 
men 1 3 4 5 6 1 3 5 
1 .033 .037 .054 .079 — — -- -- — —_ — 
2 .028 .029 .049 .066 .077 .108 — — _ — — 
3 .022 .032 .050 .064 .089 .120 — —- — — — 
4 .032 .036 .046 .081 .102 115 — — — — - 
5 .025 .044 .043 .055 .088 . 100 = _ — — 
6 .027 .028 .052 .056 .078 .096 — — — — : 
| .030 .041 .053 .089 .117 .150 8 12 14 16 15 
8 —- — as -- -- — 8 13 17 20 _- 
9 .029 .037 .051 .071 .094 Azi 9 12 is 18 19 
10 — — — — — _- 10 11 13 17 — 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 3 5 6 1 z 3 4 5 
1 1.6 1.8 Zi — —_ — — — — — — 
2 S| 1.9 2. 2.4 2.4 2.4 21 20 18 23 22 
3 | 1.4 Ze 2.9 2.4 5 14 17 17 20 26 
4 —- — — — = --- 15 19 26 23 — 
5 — — — — — —- 16 17 17 24 26 
6 a 1.8 zd 2.4 2.8 2.4 20 21 24 23 30 
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form lateral slopes and a straight axis of 
coiling. Specimens of six to seven and a half 
volutions are about 1.9 to 3.3 mm. long and 
1.0 to 1.3 mm. wide. Averages of the form 
ratio for the first to the sixth volution of 
four specimens are 1.2, 1.7, 2.1, 2.5, 2.6 and 
2.6, respectively. 

The proloculus is small, and its outside 
diameter measures 69 to 89 microns, averag- 
ing 77 microns for eight specimens. The 
shell expands uniformly throughout its 
growth. Averages for the height of chambers 
for the first to the sixth volution of eight 
specimens are 28, 35, 49, 70, 92 and 115 
microns, respectively. 

The spirotheca is composed of a tectum, 
diaphanotheca, and upper and lower tec- 
toria. The average thicknesses of all layers 
of the spirotheca for the first to the seventh 
volution of‘nine specimens are 11, 13, 17, 
17, 20, 21 and 24 microns, respectively. 

The septa are thin and unfluted through- 
out the length of the shell. Averages of the 
septal count for the first to the fifth volution 
of five specimens are 9, 12, 14, 17 and 18, 
respectively. The tunnel is narrow and has 
an irregular path. The tunnel angles for the 
first to the fifth volution of five specimens 
average 17, 18, 20, 22 and 26 degrees, 
respectively. The chomata are low, usually 
less than half as high as the chambers, and, 
in most volutions, extend down the lateral 
slopes into the polar regions. Axial fillings 
in this species are not as dense as those of 
most forms of the genus, and they are 
restricted to the axial regions. 

Discussion.— Wedekindellina matura is 
considered to be a primitive form of the 
genus. Stratigraphically it is the oldest 
known. It resembles primitive forms of 
Fusulinella in some respects but differs 
from them principally in that it has unfluted 
septa even in the polar regions, axial fillings 
not found in Fusulinella, and much thicker 
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diaphanotheca than in primitive Fusulinellg, 
In fact, the diaphanotheca of W. matura js 
thicker than that of other forms of the genus 
of similar shell size. 

Wedekindellina matura can be distin. 
guished from other forms of the genus by its 
relatively thicker diaphanotheca, lighter 
axial fillings, and relatively lower chambers, 

The part of the Oquirrh in which this 
species occurs is lower Desmoinesian in age 
and is correlated with the Youghall forma. 
tion of the eastern Uinta Mountains and 
part of the Cherokee group of Iowa, Kansas 
and Oklahoma. 

Occurrence.—Wedekindellina matura oc. 
curs in bluish-gray sandy limestone which is 
exposed east of Bridal Veil Falls, Provo 
Canyon, northeast of Provo, Utah (Collec. 
tion U-100), about 1,250 feet stratigraphi- 
cally above the base of the Oquirrh forma- 
tion where it is associated with primitive 
specimens of Fusulina. W. matura was 
described originally from the Youghall 
formation of the eastern Uinta Mountains 
of northwestern Colorado and northeastern 
Utah. 


Genus FusuLIna Fischer de Waldheim, 1829 
FUSULINA ROCKYMONTANA Roth & Skinner 
Plate 57, figures 1-8; plate 59, figure 6 
Fusulina rockymontana RotTH and_ SKINNER, 

1930, Jour. Paleontology, vol. 4, pp. 344, 345, 
pl. 31, figs. 46; THompson, 1936, idem, vol. 
10, p. 109, pl. 16, figs. 10, 11; DUNBAR and 
SKINNER, 1937, Texas Univ. Bull. 3701, pl. 43, 
figs. 5, 8; THompson, 1945, Kansas Geol. 
Survey Bull. 60, pp. 62, 63, pl. 5, figs. 19-25. 
The shell is small and fusiform with 
bluntly pointed poles and a straight axis 
of coiling. Shells of six to seven volutions 
are 4.5 to 6.1 mm. long and 1.7 to 2.4 mm. 
wide. Averages of the form ratio for the 
first to the sixth volution of eight specimens 
are 1.4, 1.6, 1.9, 2.2, 2.5 and 2.5, respectively. 
The inner three to four volutions are inflated 





EXPLANATION OF PLATE 59 


Fics. 1-5—Waeringellia bailkeyi T., V.and B., n. sp. 1, Tangential section of paratype; 2, sagittal sec- 
tion of paratype; 3, 4, axial sections of paratypes; 5, axial section of holotype. All X20. 


Collection U-110, Hobble Creek, Utah; Oquirrh formation. 


(p. 438) 


6—Fusulina rockymontana Roth and Skinner, 1930. (See also plate 57.) Enlarged portion of axial 
section showing numerous septal pores; X20. Collection U-101, Spring Creek Canyon, Utah 


Oquirrh formation. 


(p. 440) 


7-12—Triticites neglectus Newell, 1934. 7, 8, 11, Axial sections; 9, 10, sagittal sections; 12, tan- 
gential section. All X10. Collection U-109, Granger Ridge, Utah; Oquirrh formation. 


(p. 454) 
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with sharply pointed poles, but the outer 
yolutions are bluntly pointed. 

The proloculus is moderately large and its 
outside diameter measures from 130 to 247 
microns, averaging 170 microns for 14 
specimens. Averages of the height of 
chambers for the first to the sixth volution 
of 15 specimens are 52, 75, 112, 154, 200 and 
223 microns, respectively. 

The spirotheca is thin and is composed of 
a tectum, diaphanotheca, and upper and 
lower tectoria. Averages of the thickness of 
the tectum and diaphanotheca for the first 
to the sixth volution of 16 specimens are 11, 
12, 15, 18, 23 and 26 microns, respectively. 

The septa are highly but somewhat ir- 
regularly fluted. In general, the fluting ex- 
tends slightly more than half the height of 
the chambers. However, in some specimens 
it reaches the spirotheca at the top of the 
chambers. This higher fluting is especially 
common in the polar portions of the shell. 
The primitive nature of this species is in- 
dicated by the tendency for the septa to be 
less highly fluted across the central part of 
the shell. Averages of the septal count for 
the first to the fifth volution of six specimens 
are 11, 17, 20, 23 and 23, respectively. 

The width of the tunnel increases uni- 
formly, and its path is straight in most 
specimens. Averages of the tunnel angle for 
the first to the fifth volution of nine speci- 
mens are 19, 20, 24, 30 and 35 degrees, 
respectively. In the early volutions, the 
chomata tend to extend poleward down the 
lateral slopes and are rather massive. In the 
outer volutions they are high, narrow and 
restricted to the area immediately adjacent 
to the tunnel. Abundant large septal pores 
are present in the outer volutions of some 
specimens (pl. 59, fig. 6). 

Discussion.—The Utah specimens of F. 


rockymontana described above are closely 
similar to the type specimens from the 
McCoy formation in number of volutions, 
size, shape, form ratio, tunnel angle and 
septal count. However, our specimens from 
Utah have larger proloculi and seemingly 
have slightly more highly fluted septa than 
the types. The above differences probably 
are not of specific value. 

This species resembles F. euryteines 
Thompson in many respects but is slightly 
larger, has a larger form ratio for outer 
volutions, a larger proloculus and a larger 
tunnel angle. 

Occurrence.—Fusulina rockymontana is 
abundant in blue silty limestone exposed a 
half mile east of the power plant in Spring 
Creek Canyon, east of Springville, Utah 
(Collections U-101 and U-1), about 11,850 
feet stratigraphically above the base of the 
Oquirrh formation. It was described origin- 
ally from the McCoy formation of Colorado, 
has been recorded from the Youghall forma- 
tion of the eastern Uinta Mountains, and 
questionably identified from the Hartville 
formation of eastern Wyoming. 


FUSULINA sp. A. 
Plate 57, figures 9-14 


Several sections of Fusulina were obtained 
from Collection U-200. whose exact strati- 
graphic position is not known. These speci- 
mens are not conspecific with any described 
species and, for completeness, some of them 
are illustrated, and the following description 
is based on a few of the better specimens. 

The shell is small and fusiform with 
bluntly pointed poles and convex lateral 
slopes. Specimens of five to six and one-half 
volutions are 2.9 to 3.7 mm. long and 0.9 
to 1.5 mm. wide. Averages of the form ratio 
for the first to the fifth volution of three 





EXPLANATION OF PLATE 60 


All figures X10. 


Fics. 1-8—Triticites provoensis T., V. and B., n. sp. 1, Axial section of holotype; 2, 5, 6, sagittal sec- 
sections of paratypes; 3, 4, axial sections of paratypes; 7, 8, tangential sections of para- 
types. 1, 5, 6, From Collection U-104; 2, 7, from Collection U-6; 3, 4, 8, from Collection 
U-105. All collections from Hobble Creek Canyon, Utah; Oquirrh formation. (p. 446) 

9-15—Triticites grangerensis, T., V. and B., n. sp. 9, Sagittal section of paratype; /0, 15, tan- 
gential sections of paratypes; //, 13, 14, axial sections of paratypes; 12, axial section of holo- 
type. Collection U-108, Hobble Creek Canyon, Utah; Oquirrh formation. (p. 451) 
16—Triticites plicatulus Merchant and Keroher, 1939. (See also plate 61.) Axial section. Col- 
lection U-8, Hobble Creek Canyon, Utah; Oquirrh formation. (p. 453) 


—— 
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TABLE 3.—MEASUREMENTS OF Fusulina rockymontana, IN MILLIMETERS 
SPECIMENS 1-11 ARE FROM COLLECTION U-1 AND SPECIMENS 12-19 ARE 
FROM COLLECTION U-101. 
Speci- I W Diam. Thickness of spirotheca (tectum and diaphano 
men me . prol. 1 2 5 
1 5.35 2.35 181 .014 .017 .020 .019 .020 
2 4.42 1.67 .139 .013 .015 .016 017 .020 
3 6.05 1.78 .185 .012 .014 016 018 .021 
4 5.45 1.81 .156 012 .012 .015 .019 027 
5 — 1.74 .161 .012 .013 .013 .016 .022 
6 — 1.18 .130 .012 .012 .014 .016 .019 
7 — 1.93 .182 O11 .012 .013 .016 .022 
8 — 1.67 a .012 .014 O14 .017 024 
9 _ 1.23 = -- - _- -- — 
10 — £02 — = — — — 
a — .98 —_ = Sas — = — 
12 3.50 bto 141 .012 .012 .012 .016 026 
13 — 2.25 .192 .013 .014 .020 .020 028 
14 3.80 By .242 .012 .013 .016 .018 -- 
15 — 1.49 — .012 .014 .019 .022 - 
16 — 1.66 143 .012 .012 O14 .017 020 
17 — 1.24 .247 O11 .013 .016 .022 — 
18 — 1.11 172 O11 .010 .014 .021 — 
19 — 1.51 134 O11 .012 .016 .025 .026 
Speci- Height of volutions Septal count 
men 1 3 4 5 1 4 
1 .054 .083 .107 .188 231 209 — — — — 
2 .059 .066 .090 .088 175 212 — — - ~ 
3 .056 .087 .105 .179 .196 — — - — 
4 .055 .066 .098 141 . 160 210 = - — — 
$ .037 .072 .110 145 .207 — — - — 
6 .040 .067 .096 145 .184 - — — — - 
7 .049 .083 113 .150 .201 — 12 20 21 25 
8 .057 .096 134 181 219 - 14 22 27 30 
9 — — — — — — 10 17 20 23 
10 — = — — ‘ = 10 15 18 23 
11 — — =e — — — 9 13 16 20 
12 .048 .060 .091 .123 .181 .244 — — — — 
13 .066 112 .174 .160 .235 263 — — : - 
14 058 .086 .139 .192 182 — — — - — 
15 — — — — — — _— — — 
16 .058 .062 .116 .162 196 204 — — — — 
17 052 .077 .107 . 146 — —_ 13 18 23 23 
18 .050 .072 .100 133 -- -- 10 20 23 25 
19 .050 .068 ane .187 232 — 10 15 17 18 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 2 5 6 1 2 3 5 
1 1.3 1.5 1.7 2.0 2.3 2 17 19 18 21 26 
2 By & 3.2 2.6 2.8 ee 20 16 20 29 37 
3 5 3 FB, 2.6 3.2 — 18 18 31 42 38 
4 1.8 .s 1.6 a.a 2.1 - 18 26 28 36 44 
5 Lo ey Eo 2.0 — — 18 19 26 29 31 
12 1.2 1.6 1.8 2.0 2.4 2.4 20 20 21 29 37 
13 1.3 1.9 1.9 2.0 — - 22 23 24 32 42 
14 1.3 1.7 2.1 2.1 2.4 - 18 23 25 35 -- 
15 — — — — — — 24 21 25 
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specimens are 1.1, 1.3, 1.7, 2.0 and 2.2, 
respectively. 

The proloculus is minute, and its outside 
diameter measures 79 to 96 microns, averag- 
ing 86 microns for five specimens. Averages 
of the height of chambers for the first to 
the sixth volution of six specimens are 31, 
46, 77, 115, 164 and 170 microns, respec- 
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half as high as the chambers. The tunnel is 
broad and straight. Averages of the tunnel 
angles in the first to the fifth volution of 
three specimens are 15, 19, 25, 32 and 36 
degrees, respectively. Chomata are small 
and narrow and extend poleward only in the 
early volutions. 

Discussion.—These specimens are of the 


TABLE 4.—MEASUREMENTS OF Fusulina sp. A, IN MILLIMETERS 






































Speci- I W Diam. Thickness of spirotheca (tectum and diaphanotheca) 

men ° prol. 2 3 4 5 6 

 /._ 3.28 1.27 .096 .008 .008 012° O14 016 — 
2 Ef i | .079 .008 .008 .O11 .014 016 —_ 
3 2.91 1.06 .086 .008 .009 .012 .015 018 .019 
4 _- 1.33 .094 .007 .008 010 012 016 — 
5 -— 1.39 .086 .008 .012 .012 .015 .018 — 
6 - .95 .079 .007 .008 O11 .012 .017 017 
7 —- 1.35 —- -— -— — — --- — 

Speci- Height of volutions Septal count 

men 1 3 5 1 2 3 4 5 
1 .032 .047 .075 .118 .176 — — — — — 
2 .032 .045 .085 .142 .198 — — — — — 
3 .030 .040 .063 .082 132 — — — — — 
4 .029 .044 .079 14% .160 — -— — — — 
5 .032 .059 .091 .159 .189 — — — — mane 
6 .031 .045 .070 113 .133 9 14 14 18 21 
7 — — — — — 9 14 14 18 20 

Speci- Form ratio of volutions Tunnel angle (degrees) 

men it Z 6 1 2 E + 
1 a | rs 1.9 a | 2.5 — 13 20 29 43 48 
2 i | 1.3 1.6 2.0 22 — 14 17 24 27 29 
3 1 | 1.2 1.6 + ae | 2.2 2.7 19 20 22 28 31 

tively. most primitive representative of the genus 


The spirotheca is very thin and is com- 
posed of a tectum, diaphanotheca, and 
upper and lower tectoria. Averages of 
thicknesses of the tectum and diaphano- 
theca for the first to the sixth volution of six 
specimens are 7, 8, 11, 13, 16 and 18 microns, 
respectively. 

The septa are thin and numerous. Aver- 
ages of the septal count for the first to the 
fifth volution of two specimens are 9, 14, 14, 
18 and 20, respectively. The septa are highly 
but irregularly fluted along their lower 
margins, but the fluting becomes less pro- 
nounced across the central portion of the 
shell where it shows in axial sections as low 
irregular loops that are generally less than 


here described from Utah. Thompson 
(1945) described similar primitive speci- 
mens of Fusulina from the Youghall forma- 
tion of the eastern Uinta Mountains, but 
the Oquirrh specimens have smaller form 
ratios for early volutions, slightly larger 
tunnel angles and smaller proloculi, 

The rocks in which these specimens occur 
are Desmoinesian in age and are correlated 
with the Youghall formation of the Uinta 
Mountains and the Cherokee group of the 
northern Mid-Continent area. 

Occurrence.—These specimens were col- 
lected from a blue silty limestone at an 
elevation of 6,650 feet above Vivian Park, 
Provo Canyon, Utah (Collection U-200). 
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Subfamily SCHWAGERININAE Dunbar & 
Henbest, 1930 
Genus TRITICITES Girty, 1904 
TRITICITES SPRINGVILLENSIS T., 

V. & B., n. sp. 

Plate 58, figures 1-11 


The shell is small and fusiform, with 
bluntly pointed poles and straight to slightly 
curved axis of coiling. Specimens of five 
to seven volutions are 2.4 to 5.1 mm. long 
and 0.8 to 2.2 mm. wide. Averages of the 
form ratio for the first to the fifth volution 
of 17 specimens are 1.3, 1.7, 1.9, 2.2 and 
2.5, respectively. 

The proloculus is small. Its outside 
diameter in 24 specimens measures 96 to 
154 microns, averaging 120 microns. Aver- 
ages of the height of chambers for the first 
to the fifth volution of 25 specimens are 41, 
58, 99, 146 and 195 microns, respectively. 

The spirotheca is very thin and composed 


TABLE 5.—MEASUREMENTS OF Triticites springvillensis, IN MILLIMETERS 


SPECIMENS 1-10 ARE FROM COLLECTION U-102, SPECIMENS 11-20 ARE FROM COLLECTION U-3 
AND SPECIMENS 21-30 ARE FROM COLLECTION U-4. SPECIMEN 1 IS THE HOLOTYPE. 
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of a tectum and indistinctly alveolar 
keriotheca. Averages of the thickness of the 
spirotheca for the first to the fifth volution 
of 25 specimens are 11, 14, 16, 24 and 34 
microns, respectively. The proloculus wall js 
11 to 17 microns thick, averaging 14 microns 
for eight specimens. 

The septa are thin and numerous. Aver. 
ages of the septal count for the first to the 
fifth volution of 13 specimens are 8, 13, 15, 
17 and 18, respectively. The septa are 
weakly fluted, and the fluting is confined 
almost entirely to the axial region and to the 
lower lateral slopes. The tunnel is wide, and 
straight to slightly irregular. Averages of 
the tunnel angle for the first to the fifth 
volution of 17 specimens are 25, 26, 33, 41 
and 52 degrees, respectively. The chomata 
are moderately well developed and seni- 
elliptical to triangular in cross-section in 
outer volutions, but in the early volutions 
they extend poleward down the lateral 











Diam. 





Thickness of spirotheca 








Ee 





Speci- 

men L i prol. 1 Zz a 4 5 6 
1 4.91 1.3 .129 .009 017 .018 .024 .037 = 
2 3.72 1.61 .118 O11 .012 .015 .023 O33 _ : 
3 4.31 1.56 .102 .012 .014 .016 023 .039 058 | 
4 3.84 1.26 .096 .010 .012 .016 .020 .030 = 
5 2.33 1.01 133 O11 .014 .017 .027 — — | 
6 — 91 .150 .010 .012 .016 .020 — — | 
7 — .80 .129 .010 .013 .012 .024 at = 
8 — 81 .102 .009 012 .013 .016 — — 
9 — 71 — — — — — — _ 
10 — 1.16 — — — _ — — — 
11 2.39 1.09 .108 O11 .016 .019 .025 .037 — 
12 3.48 1.47 AZZ .015 016 020 .021 .033 — 
13 3.14 1.86 A 4 .012 .016 .020 .033 .038 053 
14 3.61 1.47 — .012 .014 .021 .024 039 035 
15 4.72 1.46 114 .013 .015 .018 .023 035 O41 
16 4.81 1.70 117 .014 .016 .021 .029 045 050 
17 — 1.21 .100 .013 .014 .018 .019 032 040 

°18 — 2 25 ei? .013 016 019 .031 045 056 
19 — 1.02 — — — — — — _ 
20 — .99 — — — —- — — - 
ZA 4.77 1.67 144 .012 .020 .021 .033 035 = 
22 3.84 128 131 .013 .015 .021 .030 .029 _ 
23 3.26 1.25 .138 .012 5013 .019 .026 .029 — 
24 3.26 I .130 .012 .017 .021 .029 .031 =a 
25 5.08 1.71 154 .014 .015 .018 .029 .040 = 
26 3.49 1.31 125 .013 012 .016 .020 .029 _ 
Li — .78 133 .014 .012 .016 .023 - salt 
28 — 92 .148 .012 .013 .014 .021 on 
29 — 1.38 .139 O11 .014 016 026 033 

30 — 1.37 — — = 
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TABLE 5.—Continued 
Speci- Height of volutions  _ Septal count 
men 1 2 + 5 6 1 2 3 4 5 
1 041 .054 .089 .146 . 246 ~~ — —- — 
2 .035 051 .080 .114 .193 — - — — - 
3 .034 050 .086 129 .181 275 - - - 
4 .050 .059 .106 i | .196 - —. = 
5 .046 075 122 .185 — -- ~= —. —- 
6 .047 .066 100 .150 - - 9 14 14 19 — 
| .037 .068 .094 .121 - 11 13 15 17 
8 035 044 .091 Be 4 8 13 16 17 
9 = = = = = 8 14 17 - — 
10 oma — ome a = ilies ive ont — om — 
11 .035 .053 .086 132 .167 — — — — ~ 
12 041 .064 108 1146  .185 - ee 
13 .040 .073 .100 .145 222 282 — — — 
14 .040 057 .075 .126 .187 201 ~ _ — 
15 044 «054s 086——iw106 «iw 221 Sle me 
16 .040 .058 .130 .145 224 274 - — — ~ — 
17 .037 .044 .O71 .116 .210 187 9 12 14 15 18 
18 .040 065 .114 153 212 269 8 12 14 14 15 
19 — = ie <= — — 9 14 16 18 — 
20 4 — — — — — 8 15 17 - — 
21 .045 .083 By 4 | .193 200 — — — — — 
22 .050 .056 .086 .146 —- — _- 
23 .048 .062 .109 174 190 ~ — — — 
24 .048 .063 .095 194 — - - — — 
25 .045 .067 .133 - - - -- 
26 .048 .081 .123 — — - - se _— ~ — 
27 .045 .057 .096 — -- — 9 13 16 — 
28 .038 054 .089 432 —: — 10 16 16 18 — 
29 041 070 .095 157 169 — 8 16 14 18 19 
30 —_ — — — — — 10 14 18 19 — 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 2 3 4 5 6 1 2 3 4 5 
1 1.4 1.8 2.4 2.6 3.0 — 25 25 31 50 54 
2 ee 1.6 b@ yA | re | — 22 22 14 26 39 
3 io c7 2.0 2.4 2.9 2.6 23 23 34 50 58 
4 1.5 Ie | 13 2.9 3.0 — 24 24 39 41 50 
5 t.4 Re 2.0 2.2 — — 24 27 41 50 _ 
11 1.3 1.6 1.8 ZA 2.3 — 32 36 36 41 
12 Lo ig 1.8 25 2.7 — 35 32 42 39 
13 1.2 2.0 1.6 23 2.4 — 31 33 36 55 
14 i 1.4 1.8 1.6 1.9 2.3 28 22 27 43 46 
15 1.5 1.8 2.0 2.0 2.6 5.1 18 15 20 30 61 
16 1.5 1.6 1.8 2:5 28 2.8 23 22 38 38 52 
21 1.4 1.9 Ye | 2.4 Zz .3 — 28 32 34 57 _— 
22 2.0 2.4 ta -— - 33 30 36 40 - 
23 1.5 1.9 2.5 2.6 2.6 —- 23 22 29 33 — 
24 1.6 1.8 ae | Lim 2.9 — 17 23 Zq 43 — 
25 Lo Ye 2.4 2.5 - — 32 32 58 —_ — 
26 LS 15 2.0 2.2 2.6 — 24 32 36 39 — 














slopes. The chomata are low, one-half to 
one-third as high as the chambers. A few 
small septal pores were observed in the polar 
regions of the outer volutions. 

Discussion —Triticites springvillensis is 
one of a group of fusulinids usually included 
in T. irregularis (Staff) as redefined by 





Dunbar and Condra (1928). In the original 
description, Staff (1912) included several 
species of two genera in Fusulina centralis 
var. irregularis. Dunbar and Condra (1928) 
restricted the name irregularis to the form 
illustrated by Staff as figure 10 on his plate 
17, and Thompson (1936b) designated this 
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specimen as the holotype of 7. irregularis. 
Unfortunately, Staff did not give measure- 
ments, magnification, or detailed informa- 
tion regarding horizon or collecting locality 
of any of his specimens, but he listed Kansas 
as the state from which the holotype was 
obtained. As would be expected, a great deal 
of confusion as to the interpretation of the 
species has resulted. Newell (1934) stated 
that Dunbar regarded the form occurring in 
the Winterset limestone at Winterset, 
Iowa, as typical T. irregularis. White (1932) 
stated that Dunbar and Condra selected 
the form from the Brownwood shale of 
Texas as being typical of the species. 
Merchant and Keroher (1939) considered 
the Winterset limestone form as typical of 
the species. Dunbar and Condra (1928) re- 
ported that 7. irregularis has a stratigraphic 
range from the upper part of the Brownwood 
shale of Texas (Canyon) to the Ervine Creek 
shale member of the Deer Creek limestone 
(Virgilian) of Nebraska, and they stated 
that differences of possible varietal rank 
could be recognized in four different zones. 
White (1932) described and illustrated four 
“forms” of T. irregularis from Texas and 
stated that they might possibly be desig- 
nated by varietal names. 

Triticites springvillensis is sufficiently 
different from the holotype of T. irregularis 
to be considered a separate species. It is 
similar to specimens generally referred to 
T. irregularis (Staff) from the Winterset 
limestone (pl. 58, figs. 19-21) but compari- 
sons demonstrate that the Utah specimens 
have a shorter axis of coiling, a smaller form 
ratio for all but the first volution, a greater 
height of chambers for corresponding volu- 
tions, and less irregular lateral slopes. 

Triticites springvillensis is similar in some 
respects to T. irregularis (Staff) ‘‘first form” 
of White. Comparisons of the type speci- 
mens of T. springvillensis with specimens 
from the Brownwood shale of Texas (pl. 58, 
figs. 14, 15) show that the Utah form is 
smaller, has a smaller form ratio, thinner 
spirotheca especially in the outer volutions, 
a slightly smaller average tunnel angle in 
outer volutions, and more massive chomata. 

This species differs from T. irregularis 
(Staff) ‘‘second form” of White in having a 
smaller form ratio for adult specimens, 
greater height of chambers for correspond- 
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ing volutions, and a larger proloculus. 

It is similar in many respects to 7 
pygmaeus Dunbar and Condra (pl. 58, figs 
16-18) but has a much thinner spirotheca for 
corresponding volutions, less uniformly 
elliptical shape, and somewhat more jr. 
regularly fluted septa. The significance of 
the difference in spirothecal thickness jg 
well shown by comparison of the average 
measurement of the wall thickness for corre. 
sponding volutions. Averages of the thick. 
ness of the spirotheca for the first to the 
fifth volution of six specimens of T. pyg. 
maeus are 20, 34, 43, 62 and 75 microns, 


respectively, compared to 11, 14, 16, 24 and | 


34 microns for T. springvillensis. 

Triticites springvillensis can be distin- 
guished from T. nebraskensis Thompson 
(pl. 58, figs. 12, 13) by its greater width, 
smaller form ratio, more highly fluted septa, 
and thinner spirotheca for corresponding 
volutions. 

The rocks in which this species occurs are 
Missourian in age and probably should be 
correlated with the lower part of the Kansas 
City group of Kansas and Nebraska and 
with part of the Canyon of Texas. 

Occurrence.—Triticites springvillensis is 
abundant in bluish-gray silty limestone ex- 
posed on the north side of the canyon and 
50 to 100 feet above the power plant in 
main Hobble Creek Canyon, and in dense 
bluish-gray limestone at an elevation of 
5,070 feet one mile east of the mouth of 
Hobble Creek Canyon, east of Springville, 
Utah (Collections U-3, U-4, and U-102), 
about 12,040 feet stratigraphically above 
the base of the Oquirrh formation. 


TRITICITES PROVOENSIS T., V. and B., n. sp. 
Plate 60, figures 1-8 


The shell is small and elongate-fusiform 
with a straight to slightly curved axis of 
coiling and uniform lateral slopes. Specimens 











of six to eight volutions are 3.4 to 6.4 mm. | 


long and 1.1 to 2.1 mm. wide. Averages of 
the form ratio for the first to the seventh 
volution of 13 specimens are 1.1, 1.4, 1.8, 
1.9, 2.3, 2.9 and 3.9, respectively. 

The proloculus is small and its outside 
diameter measures 62 to 116 microns, 
averaging 85 microns for 22 specimens. The 
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average heights of the chambers for the first 
to the sixth volution of 25 specimens are 30, 
42, 65, 104, 160 and 222 microns, respec- 
tively. The chamber heights remain almost 
constant laterally. 

The spirotheca is thin and composed of a 
tectum and a finely alveolar keriotheca. 
Averages of the thicknesses of the spirotheca 
for the first to the seventh volution of 25 
specimens are 9, 12, 16, 24, 37, 50 and 66 
microns, respectively. The proloculus wall 
is 10 to 17 microns thick, averaging 12 
microns for 20 specimens. 

The septa are thin and increase uniformly 
in number after the first volution. Averages 
of the septal count for the first to the sixth 
volution of 13 specimens are 7, 12, 13, 14, 
15 and 17, respectively. Septal fluting is 
slight and almost entirely confined to small 
undulations in the axial region. Axial and 
tangential sections show that the septa are 


unfluted in the central part of the shell. The 
tunnel is straight and it is broad in the 
outer volutions. Averages of the tunnel angle 
for the first to the fifth volution of 13 
specimens are 21, 26, 29, 40 and 41 degrees, 
respectively. In the outer volutions the 
chomata are small, semi-elliptical to rec- 
tangular in cross-section, and less than half 
as high as the chambers. In the early volu- 
tions they extend poleward down the lateral 
slopes but are thin and non-massive. Small 
septal pores are numerous in the polar re- 
gions of the outer volutions. 
Discussion.—Triticites provoensis resem- 
bles the Winterset limestone form generally 
referred to T. irregularis (Staff) (pl. 58, 
figs. 19-21) in many respects but has much 
less massive chomata, slightly smaller septal 
counts, less irregular lateral slopes, and a 
more gradual increase in form ratio after the 
first volution. These differences are not of 


TABLE 6.—MEASUREMENTS OF Triticites provoensis, IN MILLIMETERS 


SPECIMENS 1-11 ARE FROM COLLECTION U-105, SPECIMENS 12-20 FroM COLLECTION U-104, 
AND SPECIMENS 21-31 FROM COLLECTION U-6. SPECIMEN 1 IS THE HOLOTYPE. 
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Speci- L W Thickness of spirotheca 
men ° ; prol. 1 2 3 5 6 7 
1 5.30 1.63 .109 .010 .012 .015 .020 .032 .046 — 
2 1.63 .78 101 .010 .013 .015 .026 .037 — _— 
3 4.66 1.39 .080 .008 .009 .014 .019 .032 .042 — 
4 3.35 1.28 .072 .008 .008 O11 .018 .027 .039 — 
5 5.64 1.98 .072 — .012 .016 .024 .034 .052 .080 
6 — 2.10 .080 .008 O11 .016 .020 .029 .040 .058 
7 — 1.77 103 .008 .009 .018 .019 .032 .041 062 
8 — 1.39 --- .008 008 .015 .020 .031 053 — 
9 5.82 1.76 — _— -- — — — — — 
10 6.41 L354 — — -=- — — — — 
11 5.46 1.39 — — — — — — — — 
12 4.45 1.57 .099 .010 .012 .016 .029 .044 064 — 
13 4.19 — .077 .012 .015 .019 .030 .041 — es 
14 4.19 1.65 .096 .010 .012 .021 .032 .053 _— — 
15 3.49 1.16 — .008 .009 O11 .014 .025 .033 = 
16 — 1.30 .066 .008 .008 012 .016 .027 .055 — 
17 —- 1.14 .099 O11 .012 .019 .021 .035 — — 
18 — 1.20 .080 .007 .008 .013 .021 .033 .050 — 
: — 1.12 .062 .007 .009 O11 .020 034 .044 — 
— 1.10 — — — —— — — — — 
21 3.96 1.36 .109 .009 .015 .023 .031 .040 .062 — 
22 1.93 1.24 .078 .014 .024 .027 .028 .050 .062 — 
23 — : es | .079 .014 .017 .021 .038 .056 061 — 
24 — 64 .070 .008 .014 .020 .028 .030 — — 
25 .96 .48 .080 .012 .012 .014 .027 — — — 
26 — 1.26 .089 .014 .019 .021 .033 .044 .065 — 
27 3.95 1.23 .078 .009 .016 .016 .020 046 055 — 
28 — 1.00 — — -- — — — — — 
29 — 1.08 .116 — — — _ — — — 
30 —_ .72 = .010 .017 .022 .037 — — 
31 — 1.86 — .010 .020 .021 .029 .049 .056 — 




















All figures X 10. 
Fics. 1-10—Triticites cf. T. irregularis (Staff), 1912. 1, 3, 7, 10, Axial sections; 2, 5, 9, sagittal sections; 





TABLE 6.—Continued 


Speci- Height of volutions 
men L 2 5 
1 .038 048 .071 3 181 
2 .032 045 .063 .O81 A2ZS 
J .032 .042 061 . 100 , 131 
| .025 .030 .051 .080 123 
5 .033 .040 .075 a7 179 
6 .029 .046 .082 121 437 
7 .032 .043 .070 . 100 .144 
8 .030 O41 .067 Bh . 186 
12 .032 .042 .074 .105 .167 
13 .032 .049 .081 .147 .201 
14 .032 .O45 .087 .136 .201 
iS .027 .036 .047 .071 .119 
16 .029 .033 .046 .078 .161 
17 .047 .045 .084 .126 .195 
18 .029 .036 .047 .098 .143 
19 .022 .027 .045 .081 .138 
20 — - - _- o- 
21 .029 .043 .O74 .108 .173 
22 .029 .040 .079 .136 215 
23 .030 .O41 .074 A915 .161 
24 .020 .036 .058 .098 .165 
25 .029 .034 .050 .088 : 
26 .036 .O45 .063 .119 157 
27 .028 .045 .074 091 137 
28 — — — — 
29 .032 .046 .072 .100 153 
30 - — - 
31 — - 
Speci- Form ratio of volutions 
men 1 2 3 3 
1 1.3 1.6 1.9 2.4 Zo 
zZ 1.4 1.9 1.9 5 Aa 2.0 
3 3 Ls / | yA 2.6 
+ 1.0 3 1.4 es 2.4 
5 1.4 iD 1.8 24 2.6 
12 Ls 1.5 A 1.8 2.2 
13 Ra 1.5 1.9 2.1 - 
14 Po i 1.6 1.8 20 
15 PZ D2 is oF ae.” 
21 io 1.6 2.0 2.0 i ae 
ae £2 1.8 1.8 1.9 2.0 
23 : : 
25 1.2 1 ae i 2.0 
27 6 ee os - 


bdo 


bo WW 
| econ | 


M. L. THOMPSON, G. J. VERVILLE 


6 


bo DO bo bo 
A sI CO 00 


© | 








AND IH. J. BISSELL 


lal «owl 


| 


EXPLANATION OF PLATE 61 


Septal count 

2 3 5 6 
11 14 16 18 20 
15 16 17 18 20 
13 14 15 16 16 
9 12 13 13 16 
12 15 15 17 ~ 
11 12 14 19 ~ 

8 11 11 15 18 
10 12 16 15 - 

6 9 10 13 — 
14 15 19 — — 
10 13 14 18 20 
13 15 16 — — 
12 16 16 12 14 
Tunnel angle (degrees) 

2 3 5 6 
20 29 45 61 — 
27 30 35 47 _— 
32 40 59 65 — 
7 e £ | 30 30 -— 
33 35 42 55 — 
25 29 31 40 61 
29 30 41 — — 
44 45 48 — — 
24 17 47 42 — 
21 33 46 - — 
21 25 35 32 — 
29 38 42 - = 
28 16 25 43 45 





4, 6, tangential sections; 8, parallel section. Collection U-106, Hobble Creek Canyon, Utah; 
Oquirrh formation. 
11-16—Triticites plicatulus Merchant and Kercher?, 1939. (See also plate 60.) 11, 12, Tangential 
sections; /3, 16, axial sections; 14, 15, sagittal sections. Collection U-8, Hobble Creek Can- 


yon, Utah, Oquirrh formation. 
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great magnitude but, in order to increase 
the stratigraphic usefulness of Missourian 
fusulinids, it seems necessary to differentiate 
them as closely as possible. 

This species differs from T. tenuis 
Merchant and Keroher in that it is less 
highly fluted, has a shorter axis of coiling, 
smaller septal counts for corresponding 
volutions, thinner spirotheca in the early 
volutions, and smaller form ratios for adult 
specimens. 

It can be distinguished from T. ne- 
braskensis Thompson by its greater size, 
thinner spirotheca for corresponding volu- 
tions, and the greater number of volutions 
at maturity. 

It differs from T. springvillensis, n. sp., in 
being larger, having thinner spirotheca in 
early volutions, a smaller proloculus, a 
larger form ratio for adult specimens, and 
lower chambers for corresponding volutions. 

It can be distinguished from T. caccus 
Burma by its greater tunnel angle, smaller 
septal count in outer volutions, more 
gradually increasing form ratio for corre- 
sponding volutions, and less highly fluted 
septa. 

It resembles T. collus Burma in some 
respects but has a larger tunnel angle, 
smaller form ratio for early volutions, and 
less massive chomata in early volutions. 

The rocks in which T. provoensis is found 
are Missourian in age and are correlated 
with the Kansas City group of Kansas and 
Nebraska. 

Occurrence—This species was collected 
from the following three localities in the 
canyon of the main part of Hobble Creek 
east of Springville, Utah: Collection U-105, 
from light gray massive limestone about 
1,850 feet above the power plant; Collection 
U-104 from gray to brown sandy limestone 
about 1,400 feet above the power plant; and 
Collection U-6, from light-gray sandy lime- 
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stone at an elevation of about 6,060 feet in 
the main branch of Hobble Creek Canyon. 
Collections U-104 and U-105 are about 
13,140 feet and 13,540 feet, respectively, 
above the base of the Oquirrh formation. 


TriTIcITEsS cf. T. IRREGULARIS (Staff) 
Plate 61, figures 1-10 

Fusulina centralis var. irregularis STAFF (part), 
1912, Palaeontographica, vol. 59, pp. 178, 179, 
pl. 17, fig. 10. 

Triticites irregularis DUNBAR and ConprRA, 1928, 
Nebraska Geol. Survey Bull. 2, ser. 2, pp. 108- 
111, pl. 8, figs. 7-10, pl. 9, figs. 1-3; MERCHANT 
and KEROHER, 1939, Jour. Paleontology, vol. 
13, pp. 600-603, pl. 69, figs. 4-6; BurMaA, 1942, 
idem, vol. 16, p. 743. 

The shell is elongate fusiform and has 
bluntly pointed to rounded poles. Specimens 
of six to seven volutions are 4.9 to 5.5 mm. 
long and 1.3 to 2.1 mm. wide. The averages 
of the form ratios of the first to the sixth 
volution of four specimens are 1.1, 1.4, 1.6, 
1.9, 2.4 and 3.4, respectively. 

The proloculus is small with outside 
diameter of 72 to 94 microns, averaging 81 
microns for eight specimens. Averages of the 
height of chambers for the first to the sixth 
volution of eight specimens are 31, 47, 82, 
132, 192 and 231 microns, respectively. 

The spirotheca is thin and composed of a 
tectum and a finely alveolar keriotheca. 
Averages of the thickness of the spirotheca 
for the first to the sixth volution of eight 
specimens are 8, 9, 14, 23, 35 and 47 microns, 
respectively. The proloculus wall is thin 
for the genus and measures about 8 microns. 

The septa are thin and fairly numerous. 
Averages of the septal count for the first to 
the fifth volution of three specimens are 7, 
12, 12, 15 and 19, respectively. The septa 
are broadly and irregularly fluted in the 
axial region, but they are almost unfluted 
across the central part of the shell in most 
specimens. However, in some they are 


EXPLANATION OF PLATE 62 


All figures X10. 


Fics. 1-6—Triticites mediocris var. angustus Dunbar and Henbest, 1942. 1, 2, 4, Axial sections; 3, 
sagittal section; 5, 6, tangential sections. Collection U-110, Hobble Creek Canyon, Utah; 


Oquirrh formation. 


(p. 455) 


7-17—Triticites cullomensis Dunbar and Condra, 1928. (See also plate 63.) 7, sagittal section; 
8-12, 14-16, axial sections; 13, parallel section. 7, 12, 15, From Collection U-11; 8-10, 13, 14, 
from Collection U-207; 11, 16, 17, from Collection U-205. Collections U-11, U-205 and U-207 
are from Hobble Creek Canyon, Daniel’s Canyon and Round Valley, respectively, Utah; 


Oquirrh formation. 


(p. 457) 
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broadly and irregularly fluted up to the 
tunnel. The tunnel is low, broad, and 
regular. Averages of the tunnel angle for 
the first to the fifth volution of four speci- 
mens are 14, 18, 25, 34 and 51 degrees, re- 
spectively. The chomata are low, narrow, 
semicircular to triangular in cross section 
and less than half as high as the chambers. 
A few septal pores were observed in the 
polar regions of the outer volutions. 


TABLE 7.—MEASUREMENTS OF Tvriticiles cK. T. 
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to refer forms to this species with certainty. 
Our specimens probably are not conspecific 
with the holotype. However, the Striking 
similarity between the specimen illustrated 
by Merchant and Keroher as figure 6 op 
their plate 69, and the Utah specimen 
illustrated here by figure 1 of plate 61 Sug. 
gest that these two groups of specimens are 
conspecific. 


The Utah specimens differ from spec. | 


irregularis, IN MILLIMETERS 











Speci- I \\ Diam. Thickness of spirotheca 
men prol. 1 2 3 4 5 6 7 
1 4.84 1.28  .080 007 .008 = 011.019.030.049 gy 
Zz 5.45 1.58 088 .008 012 .013 .025 .044 .050 ee 
3 5.40 2.09 .080 ee 012.012, 018 ~— 029.037 ys 
4 3.80 1.31 .084 .008 — .016 .026 .039 — ea 
5 — 1.58 .094 .008 008 .017 .025 .039 .053 = 
6 — 1.60 .093 .008 .010 .017 .023 .034 .049 = 
7 — Bey .072 .008 .008 O12 .020 .036 .047 O44 
8 — 1.54 .080 .008 009 .016 029 .033 — ee 
Speci- Height of volutions Septal count 
men 1 Zz 3 4 5 6 1 2 3 4 5 
1 .029 .040 .061 .098 .142 157 — — 
2 .033 O52 .091 .141 .192 228 _ 
3 .031 O41 .082 .114 211 221 = — 
4 .033 .053 .088 .156 .201 — — — — —- — 
5 .029 .050 .076 .120 .181 196 — _ — 
6 .030 .050 . 100 .139 .181 335 7 12 12 1S 20 
7 .029 .037 .063 .105 .188 251 6 11 11 15 20 
8 .035 .054 .100 184 .242 7 12 13 15 18 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 2 3 4 5 6 7 1 Z 3 4 5 6 
1 ee 1.4 ee: to 2.2 3.4 — 16 18 23 24 48 46 
2 ee 2 1.6 bid 1.9 a | 3.4 = 13 21 25 34 45 — 
3 L.2 '.3 1.6 1.8 ae 22 2.6 is 15 22 39 52 _ 
4 1.0 3 [is 28 235 — — 14 19 31 40 — — 
Discussion.—These Utah specimens com- mens from the Winterset limestone at 


pare favorably with those from the Winter- 
set limestone of Kansas identified by Mer- 
chant and Keroher (1939) as 7. irregularis. 
They are closely similar in septal fluting, 
chomata development, form ratio for adult 
specimens, and number of volutions. The 
Utah specimens are generally smaller, have 
thinner spirothecae in early volutions, 
smaller corresponding heights of volutions, 
slightly smaller tunnel angles for corre- 
sponding volutions, and smalier septal 
counts. The true nature of 7. irregularts is 
not understood, and it is therefore difficult 


Winterset, Iowa (pl. 58, figs. 19-21), in 
having less massive chomata, slightly 
greater height of chambers in outer volu- 
tions, smaller form ratios for adult speci- 
mens, and a more regular axis of coiling. 
They are similar in degree of septal fluting, 
proloculus size, spirothecal thickness, and 
tunnel angles. 

These specimens can be distinguished 
from T. grangerensis, n. sp., by their less 
highly fluted septa, smaller proloculi, less 
massive chomata, and smaller form ratio 
for early volutions. 
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They differ from T. caccus Burma by 
having less highly fluted septa, greater 
tunnel angles in outer volutions, less mas- 
sive chomata, and different rate of shell 
expansion. 

Their less massive chomata, smaller pro- 
loculi, larger form ratio for adult specimens, 
greater tunnel angle after the third volution, 
and smaller septal count serve to distinguish 
them from T. newelli Burma. 

They are similar in some respects to T. 
irregularis ‘‘first form” of White (1932) but 
have somewhat more inflated central por- 
tions, thinner spirothecae for corresponding 
volutions, smaller height of chambers for 
early volutions, much narrower tunnels in 
early volutions, and smaller proloculi. 

They are closely similar to the adult stage 
of T. irregularis ‘‘second form’’ of White 
but have slightly greater height of chambers 
after the fourth volution, greater average 
width for mature specimens, and a some- 
what more fusiform shape. 

They differ from T. irregularis ‘third 
form” of White by being smaller, having 
smaller height of chambers for correspond- 
ing volutions, smaller septal counts, thinner 
spirothecae for corresponding volutions, and 
smaller proloculi. 

The smaller size, thinner spirothecae for 
corresponding volutions, smaller proloculi, 
and smaller height of chambers for corre- 
sponding volutions serve to distinguish 
them from T. irregularis ‘fourth form” 
of White. 

They can be distinguished from 7. 
springvillensis, n. sp., by their greater 
lengths, smaller proloculi, larger form ratio 
for adult specimens, different rate of shell 
expansion, and smaller tunnel angle in all 
but the outer volutions. 

They differ from T. provoensis, n. sp., in 
being slightly larger, having thinner spiro- 
thecae and greater height of chambers in 
outer volutions, smaller tunnel angles in all 
but the outer volutions, and somewhat 
more inflated shape. 

The rocks in which these specimens oc- 
cur are Missourian in age and are correlated 
with the Kansas City group of the Mid- 
Continent region. 

Occurrence—Specimens are abundant in 
dark blue to black limestone on the south 
side of Pole Haven Road about one quarter 
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mile west of its junction with a tributary to 
the left fork of Hobble Creek Canyon east 
of Springville, Utah (Collection U-106), 
about 13,980 feet stratigraphically above 
the base of the Oquirrh formation. 


TRITICITES GRANGERENSIS T., V. & B., n. sp. 
Plate 60, figures 9-15 


The shell is elongate, cylindrical to fusi- 
form, with rounded to bluntly pointed 
poles. The axis of coiling is straight, slightly 
arcuate, or irregular. The lateral slopes are 
slightly convex to irregularly concave and, 
in some specimens, irregular. Specimens of 
six to seven volutions are 5.4 to 6.4 mm. 
long and 1.4 to 2.0 mm. wide. The poles of 
early volutions are pointed, but they become 
rounded in later volutions. Averages of the 
form ratio of the first to the sixth volution 
of four specimens are 1.3, 1.6, 1.8, 2.3, 2.9, 
and 3.2, respectively. 

The proloculus is small, and its outside 
diameter measures 80 to 159 microns, 
averaging “109 microns for five specimens. 
Averages of the height of chambers for the 
first to the sixth volution of six specimens 
are 33, 52, 75, 116, 168 and 211 microns, 
respectively. 

The spirotheca is composed of a tectum 
and a finely alveolar keriotheca. Averages of 
the thickness of the spirotheca for the first 
to the seventh volution of six specimens are 
11, 13, 18, 23, 36, 47 and 56 microns, respec- 
tively. The proloculus wall of five specimens 
is 13 to 19 microns thick, averaging 15 mi- 
crons. 

The tunnel is well defined and has a 
slightly irregular path in some specimens. 
Averages of the tunnel angle for the first 
to the sixth volution of three specimens are 
22, 23, 26, 31, 42 and 48 degrees, respec- 
tively. The chomata are small, highly 
asymmetrical in cross-section, and about 
one-half to one-third as high as the cham- 
bers. In the first two volutions they extend 
down the lateral slopes into the polar re- 
gions. 

The septa are thin and numerous. Aver- 
age septal counts for the first to the fifth 
volution of two specimens are 11, 16, 20, 
21, and 28, respectively. The septa in this 
species are highly fluted. They are closely 
but somewhat irregularly fluted in the axial 
region and are loosely and broadly fluted 
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across the central part of the shell, even in 
the outer volutions. A small number of 
septal pores were observed in the polar re- 
gions of the outer volutions. 
Discussion—This species is similar to 
several others described from the Missourian 
rocks of the Mid-Continent region but it 
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The gross form alone is sufficient to dis. 
tinguish it from the much larger T. osagensjs 
Newell. 

It resembles T. irregularis (Staff) “fourth 
form” of White (1932) but differs in having 
a smaller height of chambers and thinner 
spirotheca for corresponding volutions, and 


TABLE 8.—MEASUREMENTS OF Triticites grangerensis, IN MILLIMETERS 
SPECIMEN 2 IS THE HOLOTYPE. 


Speci- L. W. 





Diam. 
men prol. 1 
1 5.39 1.39 .087 O12 
2 6.40 1.60 .100 O14 
3 5.93 1.86 
+ 6.23 1.46 .080 .010 
5 1.68 .159 .010 
6 1.61 121 .010 
7 4.42 1.90 
Speci- Height of volutions 
men 1 2 3 + 5 
1 030 .045 071 10 .168 
2 .029 .050 .075 .097 - 165 
3 .049 .071 .090 .164 
4 .031 .040 .057 .106 2e7 
5 .045 .070 .098 Pe .236 
6 .033 .061 .080 a7 .163 
Speci- Form ratio of volutions 
men 1 2 3 4 MS 6 
1 ts £5 ta 24 2.2 3:1 
2 3 3.9 22 $4 3.7 354 
3 1.3 1.4 1.8 2.0 2.4 3.1 
4 2 8.7 §8 2.2 24 32 


differs sufficiently to be considered distinct. 

It can be distinguished from T. collus 
Burma by its thicker spirotheca in all but 
the outer volution, larger proloculus, larger 
tunnel angle, slightly smaller form ratio 
for mature specimens, and more highly 
fluted septa across the central portion of the 
shell. 

It resembles 7. Burma in 
respects but is smaller, has a smaller form 
ratio for mature specimens, a larger tunnel 
angle, and somewhat less persistent chomata 
in early volutions. 

It is similar to 7. neglectus Newell in 
many respects but can be distinguished by 
its smaller size, smaller form ratio, and 
more highly fluted septa across the central 
portion of the shell in the outer volutions. 


caccus some 


Thickness of spirotheca 


2 3 + 5 6 7 
O15 016 023 035 045.066 
O14 .017 O24 .036 .052 
O12 016 022 039 049.058 
O11 ‘015 —-.016—S—«025.—«i«w0382— OG 
.0O14 .020 .029 .044 us 
O14 .016 .026 .042 .060 ~ 

Septal count 
6 7 1 2 3 4 5 
201 * 
.201 i 
213 282 = 
- 13 17 21 25 28 
229 10 16 19 19 
Tunnel angle (degrees) 
1 2 _ 4 5 6 7 
21 22 26 33 50 59 — 
21 22 26 34 42 45 — 
24 26 26 26 34 


more highly fluted septa across the central 
part of the shell in the outer volution. 

The relatively small size and fluted septa 
across the central portion of the shell serve 
to distinguish this from other 
Triticites. 

The rocks in which this species is found 
are Missourian in age and are correlated 
with the lower part of the Lansing group of 
the Mid-Continent area. 

Occurrence.—Triticites grangerensis was 
collected from a dark gray to bluish lime- 
stone on the west slope of Granger Ridge at 
an elevation of about 5,800 feet in the left 
fork of Hobble Creek near Granger Canyon 
northeast of Springville, Utah (Collection 
U-108), about 14,170 feet stratigraphically 
above the base of the Oquirrh formation. 


species 
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TRITICITES PLICATULUS Merchant & 
Keroher 
Plate 60, figure 16; plate 61, figures 11-16 
Triticites plicatulus MERCHANT and KEROHER, 

1939, Jour. Paleontology, vol. 13, pp. 609-611, 

pl. 69, figs. 13-15; Burma, 1942, idem, vol. 16, 

pp. 747, 748. 

This species was described originally from 
the Spring Hill limestone member of the 
Plattsburg formation of Kansas. The follow- 
ing description is based entirely on our Utah 
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averaging 102 microns for four specimens. 
Averages of the height of the chambers in 
the first to the seventh volution of six 
specimens are 37, 53, 89, 140, 204, 239 and 
229 microns, respectively. 

The spirotheca is thin and composed of a 
tectum and a finely alveolar keriotheca. 
Averages of the thickness of the spirotheca 
for the first to the seventh volution of six 
specimens are 12, 14, 17, 27, 41, 52 and 54 
microns, respectively. The proloculus wall 


TABLE 9.—MEASUREMENTS OF Triticites plicatulus?, IN MILLIMETERS 





























Speci- Diam. 
men . W prol. 1 2 3 4 5 6 7 
1 10.36 2.33 .119 .016 .016 .020 .039 .055 .060 064 
2 10.31 2.51 .107 .010 .014 .018 .027 .048 .052 .039 
3 7.68 1.56 AMZ .012 .012 .019 .024 .037 .056 — 
4 — 2.16 = .012 .013 .015 .028 041 .050 059 
5 - 2.19 — O11 .013 015 .024 027 .042 .054 
6 — 2.02 .090 .012 .016 .016 023 .038 .053 .054 
7 — 2.00 — — — —_— — — -—- — 
8 — 1.94 — — — — — —_ — -- 
Speci- Height of volutions Septal count 
men 1 2 3 4 5 6 7 1 2 3 4 5 6 
1 .038 .063 .119 .154 .265 .263 .210 —_ —_ —- —_—_> — 
2 .045 .064 .094 .165 .256 265 223 —_ -— eo 
3 .034 .052 .084 .138 .199 — — - -—- Se SS Te 
+ = .056 .084 133 .184 232 222 — 16 20 19 23 26 
5 = a ae = = — i 8 14 17 19 22 — 
6 .030 .034 .074 .104 .142 .196 250 8 12 13 is 23 27 
7 O41 .050 .079 .150 .150 242 .266 9 i7 2 21 20 — 
8 — — = —- — — = > 1% 3 22 2 BB 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 Zz 3 + 5 6 7 1 2 3 4 
1 1.8 a | 2.4 ce 4.1 4.2 4.4 27 36 43 63 64 
2 La 1.9 1.9 A | 4.4 4.1 24 27 36 57 55 
3 2.0 a | 3.7 4.4 — = 26 38 53 52 66 
specimens. The shell is elongate sub-_ of five specimens is 15 to 19 microns thick, 


cylindrical with bluntly rounded poles and a 
straight to slightly arcuate axis of coiling. 
Specimens of six to seven volutions are 7.7 
to 10.4 mm. long and 2.0 to 2.5 mm. wide. 
Averages of the form ratio for the first to 
the seventh volution of three specimens are 
1.8, 2.3, 2.3, 3.4, 4.1, 4.3 and 4.2, respec- 
tively. The lateral slopes are characteristi- 
cally uneven, and near the poles they dis- 
tinctly undulate. 

The proloculus is small and its outside 
diameter measures 90 to 119 microns, 


averaging 17 microns. 

The septa are thin and numerous. Aver- 
ages of the septal count for the first to the 
sixth volution of five specimens are 8, 15, 
17, 19, 22 and 27, respectively. The septa 
are highly fluted in the axial region and 
along the lower margins on the lateral slopes, 
but they are broadly fluted only along the 
lower margins in the central part of the 
shell. However, some specimens do have 
very broadly fluted septa across the tunnel 
area. 
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The tunnel is wide and straight. Averages 
of the tunnel angle for the first to the fifth 
volution of three specimens are 25, 33, 44, 
57 and 62 degrees, respectively. The 
chomata are small, wedge-shaped in cross 
section, and less than half as high as the 
chambers. Septal pores were observed in the 
polar regions of the outer volutions but they 
are small and inconspicuous. 

Discussion—The Utah specimens here 
referred with question to 7. plicatulus differ 
from the Kansas types by their slightly more 
robust shape, smaller proloculi, smaller 
septal count, and seemingly less intensely 
fluted septa. These differences possibly are 
not of specific value, however. 

They can be distinguished from T. 
osagensis Newell by their smaller form 
ratios, larger proloculi, slightly less highly 
fluted septa, and lack of abrupt spirothecal 
thickening after the fifth volution. 

They differ from T. cuchilloensis Need- 
ham (1937) in having higher chambers and 
slightly smaller septal counts in early 
volutions, thicker spirothecae after the 
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fourth volution, slightly smaller form ratios, 
and wider tunnels. 

The part of the Oquirrh formation jp 
which these specimens occur is Missourian 
in age and is correlated with the Lansing 
group of the northern Mid-Continent re. 
gion. 

Occurrence.—These specimens were col- 
lected from a massive limestone bed at an 
elevation of 6000 to 6550 feet, north of and 
opposite the power plant in the main 
branch of Hobble Creek east of Springville, 
Utah (Collection U-8), about 14,850 feet 
stratigraphically above the base of the 
Oquirrh formation. T. plicatulus was de- 
scribed originally from the Spring Hill 
limestone of the Plattsburgh formation of 
Kansas. 


TRITICITES NEGLECTUS Newell 
Plate 59, figures 7-12 
Triticites neglectus NEWELL, 1934, Jour. Paleon- 
tology, vol. 8, pp. 422, 423, pl. 52, figs. 2a, b, 
pl. 53, figs. 1-a, b; Burma, 1942, idem, vol. 16, 
p. 748, pl. 118, figs. 3, 6. 


This species was described originally from 


TABLE 10.-—MEASUREMENTS OF Triticites neglectus, IN MILLIMETERS 








Thickness of spirotheca 




















Speci- 

men L. W prol. 1 2 3 4 5 6 7 
1 * 5.82 1.74  .143 .012 013 019 =.024 = 030.039 — 
2 Lao 1.94 137 .012 .016 .017 .029 .037 .057 _— 
3 7.68 1.74 .128 .010 .016 .020 .026 .030 .050 .065 
4 8.33 1.74 .124 .O11 .013 .018 .025 .041 .050 .063 
5 — 2.23 137 a .012 .020 .041 .059 051 .038 
6 — .87 .161 .012 .016 .021 .029 — — 
7 _— 186 .120 O11 .012 .017 .023 041 .038 .054 
8 — 1.46 ee .012 .012 .019 .029 .043 .046 — 

Speci- Height of volutions Septal count 

men 1 2 3 4 5 6 1 2 3 4 5 6 
1 .049 .068 .103 .142 . 200 | — — — — — — 
2 .040 .064 .100 .154 .242 .322 — — — — — — 
2 .039 .052 .062 .109 .159 sanz = — — - — — 
4 .045 .059 .093 .120 .182 .205 = — — — — — 
5 053 .073 .094 .157 = =.225—S— «. 266 11 18 20 21 23 28 
6 .044 .068 .087 = .136 — — 11 17 21 19 — _ 
7 038 .051 .074 .100 8.163 .204 10 18 21 21 22 28 
8 037. .053—_ .O81)—Ss(iw121—iw 7S 2334 10 14 18 19 23 - 
9 — — — — — — 11 13 18 18 21 — 

Speci- Form ratio of volutions Tunnel angle (degrees) 

men 1 2 3 4 5 6 1 2 3 + 3 
1 1.4 1.4 1a 1.7 3.2 o.5 23 19 33 29 33 — 
2 3 1.9 2.0 2.6 — — 17 18 26 44 48 = 
3 3.3 1.5 2.0 2.8 3.1 3.5 11 15 19 34 34 58 
4 1.6 1.5 2.4 2.9 4.1 4.2 22 21 27 38 — _ 
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the Captain Creek limestone member of the 
Stanton formation of Kansas. The following 
description is based entirely on specimens 
from Utah. The shell is elongate, subcylindri- 
cal, and has bluntly pointed to irregularly 
rounded poles. The axis of coiling is slightly 
arcuate. Specimens of six to seven yolutions 
are 5.8 to 8.3 mm. long and 1.5 to 2.2 mm. 
wide. Averages of the form ratio for the 
first to the sixth volution of four specimens 
are 1.4, 1.5, 2.0, 2.5, 3.4 and 3.7, respec- 
tively. 

The proloculus is small, and its outside 
diameter measures 120 to 161 microns, 
averaging 134 microns for eight specimens. 
Averages of the height of chambers for the 
first to the sixth volution of eight specimens 
are 43, 61, 86, 129, 191 and 239 microns, 
respectively. 

The spirotheca is thin and composed of a 
tectum and a finely alveolar keriotheca. 
Averages of the thickness of the spirotheca 
for the first to the seventh volution of eight 
specimens are 11, 13, 18, 28, 40, 47 and 55 
microns, respectively. The proloculus wall of 
eight specimens is 15 to 18 microns thick, 
averaging 17 microns. 

The septa are thin and numerous. Aver- 
ages of the septal count for the first to the 
sixth volution of five specimens are 11, 16, 
19, 19, 22 and 28, respectively. The septa are 
rather highly fluted in the axial region. In 
most specimens fluting extends the length 
of the shell to the fourth or fifth volution, 
but in the outer volutions the septa are 
only slightly fluted across the central por- 
tion. 

The tunnel is wide and straight. Averages 
of the tunnel angle for the first to the sixth 
volution of four specimens are 18, 18, 26, 
36, 38 and 58 degrees, respectively. The 
chomata are small, semi-elliptical to rec- 
tangular in cross-section, and present in all 
but the last volution. In the early volutions 
they extend down the lateral slopes into the 
polar regions. A few septal pores were ob- 
served in the polar regions of the outer 
volutions. 

Discussion——The Utah specimens differ 
from the original types in having larger 
proloculi, smaller septal counts, and less 
intensely and regularly fluted septa. They 
may not be conspecific with the types but 
our collection is not large and we prefer to 
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identify our specimens with TJ. neglectus 
until more material can be studied. 

The Utah specimens resemble T. pli- 
catulus Merchant and Keroher in many 
respects but are 3 to 4 millimeters shorter 
and have smaller form ratios. 

They can be distinguished from T. 
cuchilloensis Needham which is larger, has a 
smaller proloculus, smaller height of cor- 
responding volutions, and larger average 
from ratio for adult specimens. 

They differ from T. osagensis Newell in 
being smaller, having smaller form ratios, 
and lacking the abrupt thickening of the 
spirotheca after the fifth volution. 

They differ from T. ohioensis Thompson 
by being smaller, having much higher cham- 
bers and thicker spirotheca in the first five 
volutions, and more closely fluted septa. 

They seem to be distinguishable from T. 
tenuis Merchant and Keroher by their more 
highly fluted septa, smaller form ratios, 
slightly larger proloculi and slightly smaller 
size. These distinctions, however, are not 
entirely clear to us. 

The rocks in which these specimens occur 
in Utah are Missourian in age and are cor- 
related with the Lansing group of the Mid- 
Continent region. 

Occurrence-—Specimens are abundant in 
a small sample of bluish-gray silty lime- 
stone from the west face of Granger Ridge 
at an elevation of about 6,000 feet, about 
eight and one-half miles northeast of 
Springville, Utah (Collection U-109), about 
14,980 feet stratigraphically above the base 
of the Oquirrh formation. T. neglectus was 
described originally from the Captain 
Creek limestone member of the Stanton 
formation, Kansas. 


TRITICITES MEDIOCRIS subsp. ANGUSTUS 
Dunbar & Henbest 
Plate 62, figures 1-6 
Triticites mediocris subsp. angustus DUNBAR and 

HENBEST, 1942, Illinois Geol. Survey Bull. 67, 

pp. 135, 136, pl. 21, figs. 1, 6, 9-14. 

This subspecies was described originally 
from the Greenup limestone of Illinois. 
Although our specimens differ somewhat 
from the type specimens we tentatively 
identify them with this form. The following 
description is based entirely on specimens 
from the Oquirrh formation. The shell is 























456 M. L. THOMPSON, G. J. VERVILLE AND H. J. BISSELL 
TABLE 11.—MEASUREMENTS OF Triticites mediocris SUBSP. angustus, IN MILLIMETERS 
Speci- I W Diam. Thict.ness of spirotheca 
men < ; prol. 1 2 3 + 5 6 7 
1 2.61 By #- .016 .020 .031 .042 .073 .083 .067 
2 — 2.14 Pe |p O11 .017 .020 .032 .063 .086 = 
k “AZ 2.99 132 .008 .016 027 .053 .071 .076 Bs 
4 7.45 2.23 Be i) .013 .016 .033 .055 .066 = 
5 , 2.49 015 =—-.025.—S—« «040062072 
6 - 2.00 i e O11 .016 .021 .039 .073 .086 = 
7 = 1.08 .126 O14 .017 .026 .037 - = 
8 6.40 2.20 - = a — 
Speci- Height of volutions Septal count 
men 1 2 3 4 5 6 1 2 3 4 5 6 
1 055 073 126 .208 .239 .362 — — — : — — 
2 .044 .068 .117 .174 .262 — = — = ; — 
3 .042 .066 117 .165 245 Re 3 - — - — - — 
4 .056 .088 .142 .200 oad — = ae =i == — 
h O41 .062 .092 133 4 oun 10 15 18 19 19 25 
6 .058 .071 .130 .219 .262 .334 10 16 19 18 24 31 
7 .040 .059 .092 .150 a — 9 15 16 18 — _ 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 2 3 4 5 6 1 2 3 + 5 
1 1.5 Pe 1.8 1.9 2.4 a 13 17 25 37 40 
2 1.4 1.6 1.8 7 2.0 - t2 LZ 20 29 43 
Zs sa 1.6 1.9 2.0 2.4 3.0 16 24 34 36 41 
+ 1.4 Ls 2.0 2.4 ae 3.4 15 Ze 28 47 48 
8 ~ co 1.8 ae | 0 A 2.9 = — oe = 
elongate fusiform, with bluntly pointed The spirotheca is comparatively thick, 
poles and rather uniformly convex lateral especially in the outer volutions, and it is 
slopes. Specimens of six to seven and one- composed of a tectum and a distinctly 
half volutions are 6.4 to 7.5mm. longand 2.1 alveolar keriotheca. Averages of the thick- 
to 2.6 mm. wide. Averages of the form ratio ness of the spirotheca for the first to the 
for the first to the sixth volution of five speci- sixth volution of seven specimens are 12, 


mens are 1.4, 1.6, 1.9, 2.0, 2.3 and 3.1, re- 16, 26, 42, 68 and 80 microns, respectively. 


spectively. The proloculus wall of eight specimens is 15 
The proloculus is small, and its outside to 17 microns thick, averaging 16 microns. | 
diameter measures 111 to 172 microns, The septa are numerous and contain dis- | 


averaging 126 microns for six specimens. tinct pycnotheca. Averages of the septal 
Averages of the height of chambers for the count for the first to the sixth volution of | 
first to the sixth volution of seven specimens _ three specimens are 10, 15, 17, 18, 21 and 28, | 
are 48, 69, 117, 178, 256 and 325 microns, _ respectively. The septa are broadly fluted in 
respectively. the axial region, but the fluting is confined 


sips . 7 4 a ee ) 





EXPLANATION OF PLATE 63 
All figures X10. 

Fics. 1-3—Triticites cullomensis Dunbar and Condra, 1928. (See also plate 62.) 1, Tangential section; 
2, sagittal section; 3, axial section. Collection U-205, Hobble Creek Canyon, Utah; Oquirth 
formation. (p. 457) 

4—15—Triticites hobblensis T., V. and B., n. sp. (See also plate 64.) 4, 6-8, 10-12, Axial sections | 
of paratypes; 5, 14, sagittal sections of paratypes; 9, axial section of holotype; /3, 15, tan- 
gential sections of paratypes. 4, 5,7, 8, 11, 14, 15, From Collection U-13; 6, 9, 13, from Col- 
lection U-111; 12, from Collection U-12. All collections are from Hobble Creek Canyon, Utah; 
Oquirrh formation. (p. 460) 











de ER AOD eG 


PLaTE 63 


VoL. 24 


b] 


JouRNAL OF PALEONTOLOGY 


iT lh TE SO TRE FI BL 




















Thompson, Verville and Bissell, Pennsylvanian fusulinids 








JourNAL or PaLEonTotocy, Vor, 24 








fo 





Thompson, Verville and Bissell, Pennsylvanian fusulinids 

















TE 64 


> 








PENNSYLVANIAN FUSULINIDS 


to shallow undulations across the central 
portion of the shell (pl. 62, fig. 5) and is not 
of sufficient magnitude to be visible in all 
axial sections. 

The tunnel is wide and straight. Averages 
of the tunnel angle for the first to the fifth 
yolution of four specimens are 14, 20, 26, 
37 and 43 degrees, respectively. The cho- 
mata are small, semi-elliptical to rectangu- 
lar in cross-section, and less than half as 
high as the chambers. Septal pores are com- 
mon at least in the polar portions of the 
outer volutions. 

Discussion—The identification of the 
Utah specimens is tentative. They are 
similar to the original types in form ratio of 
adult specimens, shape, size, thickness of 
spirotheca after the third volution, septal 
count, chomata development, and degree of 
septal fluting, but they differ in having 
larger proloculi, greater height of chambers 
and greater tunnel angles in outer volutions. 

The Utah specimens are similar in many 
respects to the type specimens of T. pri- 
marius Merchant and Keroher but have 
shorter axes of coiling, greater average 
widths and slightly smaller form ratios for 
adult specimens, and greater height of 
chambers in outer volutions. 

They are similar to the holotype of T. 
cullomensis Dunbar and Condra in some 
respects but are longer, have larger average 
form ratios, less highly convex lateral slopes, 
and less robust shape. 

They can be distinguished from T. 
secalicus (Say) by their smaller size, nar- 
rower tunnel angles, smaller proloculi, 
thinner spirothecae for corresponding volu- 
tions, and more sharply pointed poles. 

The rocks from which these specimens 
were obtained are considered Virgilian in age 
and are correlated with the Douglas or lower 
Shawnee group of Kansas and Nebraska and 
with the Greenup limestone of Illinois. 
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Occurrence.—The specimens on which the 
above description is based were collected 
from the first blue limestone ledge on the 
north side of the canyon at the mouth of the 
right fork of Hobble Creek Canyon, east of 
Springville, Utah (Collection U-110), where 
they are associated with Waeringella bailkeyi, 
n. sp., about 15,000 feet stratigraphically 
above the base of the Oquirrh formation. 
T. mediocris subspecies angustus was de- 
scribed originally from the Greenup lime- 
stone of Illinois. 


TRITICITES CULLOMENSIS 
Dunbar & Condra 
Plate 62, figures 7-17; plate 63, figures 1-3 
Triticites cullomensis DUNBAR and CONDRA 

(part), 1928, Nebraska Geol. Survey Bull. 2, 

ser. 2, pp. 93-95, pl. 5, figs. 6, 7, 9 (not figs. 

5, 8, 10); WuirteE, 1932, Texas Univ. Bull. 3211, 

pp. 43, 44, pl. 3, figs. 1-3; DUNBAR and HEN- 

BEST, 1942, Illinois Geol. Survey Bull. 67, pp. 

135, 136, pl. 23, figs. 13-18. 

The Utah specimens are of medium size, 
short, inflated and fusiform, with bluntly 
rounded poles and evenly biconvex lateral 
slopes. Specimens of six to seven volutions 
are 4.5 to 6.3 mm. long and 1.7 to 2.5 mm. 
wide. Averages of the form ratio for the first 
to the seventh volution of 13 specimens are 
1.5, 1.7, 1.9, 2.0, 2.1, 2.3 and 2.6, respectively. 
These shells are among the most nearly 
symmetrical noted in the genus. 

The proloculus is variable in size, ranging 
from 110 to 173 microns in outside diameter 
and averaging 138 microns for 21 specimens. 
The chambers are almost uniform in height 
from the central part of the shell to the poles. 
The uniformly convex lateral slopes are 
characteristic. Averages of the height of 
chambers for the first to the sixth volution 
of 23 specimens are 46, 69, 111, 167, 230 and 
289 microns, respectively. 

The spirotheca is composed of a tectum 
and distinctly alveolar keriotheca. Averages 





EXPLANATION OF PLATE 64 


All figures X10. 


Fics. 1-3—Triticites hobblensis T., V. and B., n. sp. (See also plate 63.) 1, 3, Axial sections of para- 
types; 2, sagittal section of paratype. 1, 2, From Collection U-12; 3, from collection U-13. 


Both collections from Hobble Creek Canyon, Utah; Oquirrh formation. 


(p. 460) 


4-10—Triticites sp. A, 4, Axial section of inflated specimen; 5-7, 9, axial sections; 8, sagittal 
section; /0, tangential section. Collection U-2; Hobble Creek Canyon, Utah; Oquirrh for- 


mation. 


(p. 462) 


11-19—Triticites sp. B. 11, 12, 17, Tangential sections; 13, 16, 19, axial sections; 14, 15, 18, sagit- 
tal sections. Collection U-103, Hobble Creek Canyon, Utah; Oquirrh formation. (p. 463) 
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TABLE 12.—MEASUREMENTS OF Triticites cullomensis, IN MILLIMETERS 


SPECIMENS 1—12 ARE FROM COLLECTION U-207, SPECIMENS 13-22 FROM COLLECTION U-11, 
AND SPECIMENS 23-31 FROM COLLECTION U-205. 





Diam. 














Speci- L W Thickness of spirotheca 
men ° prol. 1 2 3 + 5 6 
1 5.07 2.18 151 .012 .016 .023 .054 071 080 
2 5.35 2.04 137 .009 .013 .021 .029 .060 080 
3 6.05 2.49 — .012 .019 .037 .052 .078 084 
4 — 2.35 157 011 .018 .025 .040 .067 072 | 
5 - 2.42 .149 .009 .013 .023 .043 .074 086 
6 — 1.80 139 .012 .013 .020 .035 .056 08? 
7 as 1.68 .143 .013 O17 .028 .044 .069 .087 
8 = 2.47 146 O11 .015 .025 .050 .079 087 
9 — — —— — — - — - ont 
10 5.00 1.86 — — a - — — 
11 5.69 2.23 — — — — — — — 
12 6.29 1.98 — — — — — — 
13 — 1.51 .149 .016 .022 .029 .046 .066 _ 
14 — 1.62 .146 .016 .023 .031 .040 .059 067 
15 3.26 1.28 121 .014 .019 .028 .041 .045 — 
16 5.47 1.94 138 .017 .019 .032 .044 .060 .081 
17 — 1.39 .133 .016 .020 .029 .039 .049 .051 
18 4.46 1.94 147 .014 .020 .029 .052 .066 .077 
19 — 2.21 — 014 .018 .028 041 .061 087 
20 5.82 2.27 — — — — — — — 
21 — 2.09 — — — — — — — 
22 4.89 2.12 — — — — — — - 
23 5.24 2.14 .110 O11 .016 .031 .048 .074 .077 
24 4.31 1.89 .126 .012 .017 .023 .060 .082 — | 
25 4.79 1.98 142 .012 .016 .025 .050 .059 £073 | 
26 4.26 1.63 .144 .012 .021 .031 051 .067 — 
27 4.53 2.24 .112 .012 .020 .023 .042 .063 — 
28 at 1.69 Be ef .012 .016 .022 .045 .064 — 
29 aa 1.93 ee .012 .014 .024 .039 .052 .06 
30 — 1.71 117 010 .012 .019 .033 054 .06 
31 — 1.98 — — — — — — _ 
Speci- Height of volutions Septal count 
men 1 2 4 5 6 1 2 4 5 6 
1 047) «.074 = .091. 192) .275—Ss 290 - = — 
2 .034 052 .093 .138 .216 287 — — — — — “ 
3 060 .083 .148 .209 .280 = .290 — — — — ~~ 
4 054 .078 .118 .166 .228 290 ~ _~ — — — — 
5 .041 .068 132 .188 .250 — 9 iS 15 19 21 19 
6 .041 .059 .103 .137 .192 294 10 14 14 18 22 17 
7 .051 .069 .110 . 162 .234 re 11 14 15 18 = = 
8 .044 071 .116 .182 .247 — 9 14 17 18 19 19 
9 — — — — — — 10 16 19 20 Zr 23 
13 043 .079 .101 8 =.148 = .239 — — — — — —- —_ 
14 .039 .066 .099 .146 .188 i 10 14 17 18 19 om 
15 047 =.065 = .088-~——i« 1124S. 169 — — = — — — aa 
16 041 065 .096 .143 .200 = .272 — - — and 
17 .044 .061 .095 .139 .162 — 8 14 19 20 18 = 
18 059 .080 133 RE .204 — —- — — — — = 
19 — 052, .100 .128 § .206 242 a 17 18 7 19 _ 
21 =: — ee — — — aie 13 15 1 19 — 
23 054 .079 = .137 = =.201.—S .287-~—S 279 -- - -- -- —~ ~ 
24 054 = =.087')— 133.209 — 293 — _- -- — - — — 
25 049.073 = .114.— «154.216 316 — — — — —_ “me 
26 047 =.083. «118 = 191.247 — — — — - = 
27 054 = .065 = .126 = =.188 ~—-.271 372 — ~- — — - a 
28 .056 078 .133 = .242 — — 7 15 17 18 21 —_ 
29 040 =.063— 107) «173.254 — 9 15 18 18 23 21 
30 036 .050 8.094 158 .221 311 8 16 19 18 21 22 
31 — — — — — — 9 16 16 18 22 —_ 
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TABLE 12.—Continued 








Form ratio of volutions 


Speci- 


Tunnel angle (degrees) 
2 3 4 





ao 1 2 6 7 1 
. 86 +6 82 22 24 45 = 20 «24 «39's 48S 
* @4 42 82 22 22 2 = 14 17 25 32 43 
;. 6 42 82 82632 =- = 18 21 26 34 40 
; £2 88 45 22 23 —_ is 21 25 38 36 
os t8@ 48 #2 4tt~ 18 16 30 37 — 
- tt @2 82 0442 25 =—- = 14 18 25 36 37 
m- £4 $86 £9 24 24 23 23 16 23 25 37 42 
- t6 67 t8 t#@ t8 23 = 19 16 21 30 35 

20 — SS £8 O62 042 22 28 —~ 23 27 28 36 

-S t4@ t2@ 28 24°14 =—- = 14 18 «#424 © «031.— 37 

24 ns _ — re 15 17 23 33 38 

-s 83 46 88 328 23234 = 17 22 27 30 44 

. 62 £4 4226835 << = 209 2347 — 

7 2061.2 «1.7 2.0 24 2. ~< es 18 19 24 40 45 





of the thickness of the spirotheca for the first 
to the sixth volution of 23 specimens are 13, 
17, 26, 44, 63 and 74 microns, respectively. 
The proloculus wall of 20 specimens is 14 
to 19 microns thick, averaging 16 microns. 

The septa are numerous and increase 
slowly in number after the second volution. 
They contain distinct pycnotheca. Averages 
of the septal count for the first to the sixth 
volution of 14 specimens are 8, 14, 16, 18, 
20 and 20, respectively. The septa are 
rather closely fluted in the extreme polar 
regions, but the fluting is confined to the 
lower parts of the septa laterally from the 
tunnel. 

The tunnel is about straight. Averages of 
the tunnel angle for the first to the fifth 
volution of 15 specimens are 15, 19, 25, 34 
and 40 degrees, respectively. The chomata 
are rectangular to semi-elliptical in cross- 
section and are less than half as high as the 
chambers. In the earliest volutions they 
extend a short distance down the lateral 
slopes. Conspicuous septal pores are pres- 
ent in the polar regions of the outer volu- 
tions. 

Discussion—The specimens studied are 
from three localities: Granger Mountain 
(Collection U-11), Clegg Canyon (Collec- 
tion U-205), and Round Valley (Collection 
U-207). The Granger Mountain and Clegg 
Canyon specimens seem identical in most 
respects. Those from Round Valley are less 
highly fluted in the central part of the shell, 
have less massive chomata, and are slightly 
larger, but are similar to the others in thick- 
ness of spirotheca, height of chambers, 


diameter of proloculus, form ratio, tunnel 
angle, and septal counts. The differences 
noted do not seem to be of specific impor- 
tance and the specimens of all three collec- 
tions are identified as T. cullomensis. They 
differ from the types of that species mainly 
in being smaller and having slightly thinner 
spirotheca for corresponding volutions. 

The Utah specimens differ from T. 
hobblensis, n. sp., by being larger and having 
thicker spirothecae and greater height of 
chambers for corresponding volutions. 

Some differences of opinion exist as to the 
true nature of 7. cullomensis. Dunbar and 
Condra originally included two distinct 
forms in the species. One is from the Cullom 
limestone (now known as the Beil limestone) 
near Big Springs, Kansas, and was illus- 
trated by them as their plate 5, figure 6. 
The other is from the Meadow limestone, 
(now considered to be Lansing in age, 
Moore, 1936, p. 132) near Wabash, Ne- 
braska, and was illustrated by them as 
their plate 5, figure 8. In 1942 Dunbar and 
Henbest (p. 146) placed T. millert Thomp- 
son in synonomy with T. cullomensis, pre- 
sumably because of its similarity to the form 
from the Meadow limestone. On page 135 
of the same publication Dunbar and Hen- 
best stated that a specimen from the Cullom 
limestone should be considered as the 
holotype, but this specimen was refigured 
by them asa cotype. In view of the fact that 
so much uncertainty exists as to the proper 
limits of T. cullomensis it seems advisable 
that a holotype should be designated une- 
quivocably. We therefore designate the 








460 


M. L. THOMPSON, G. J. 


specimen illustrated by Dunbar and Condra 
as figure 6 on their plate 5, and refigured by 
Dunbar and Henbest as figure 16 on their 
plate 23 as the holotype of 7. cullomensis. 

The Utah rocks in which these speci- 
mens occur are Virgilian in age and are cor- 
related with the Shawnee group of the Mid- 
Continent region. 

Occurrence—The Utah specimens are 
abundant in sandy limestone at an eleva- 
tion of 5,608 feet on Granger Mountain, 
right fork of Hobble Creek, east of Spring- 
ville, Utah (Collection U-11); in bluish 
sandy limestone at the mouth of Clegg 
Canyon (a tributary of Daniel’s Canyon) 
about seven miles southeast of Heber, 
Utah (Collection U-205); and from the ridge 
forming the east wall of Round Valley, 
east by north of Wallsburg, Utah (Collec- 
tion U-207), about 15,250 feet stratigraphi- 
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cally above the base of the Oquirrh forma. 
tion. The species has been reported from the 
Beil limestone of Kansas, the Ames lime. 
stone at Brilliant Cut, Pittsburgh, Pennsy|. 
vania, and from the Jackboro limestone 
member of the Caddo Creek formation, 
Jack County, Texas. 


TRITICITES HOBBLENSIS T. V., and B., n. sp, 
Plate 63, figures 4-15; plate 64, figures 1-3 


The shell is of medium size for the genus 
and is inflated fusiform with pointed poles, 
steep convex lateral slopes and a straight 
axis of coiling. Most well-centered axial 
sections exhibit a uniformly elliptical shape, 





A few specimens have concave lateral slopes _| 


in the extreme polar regions. Specimens of 
six to seven and a half volutions measure 
about 3.5 to 5.2 mm. long and 1.4 to 2.1 
mm. wide. Averages of the form ratio for the 


TABLE 13.—MEASUREMENTS OF Triticites hobblensis, IN MILLIMETERS 


SPECIMENS 1-11 ARE FROM COLLECTION U-13, SPECIMENS 12-20 FROM COLLECTION U-111, 


Speci- W. 





Diam. 
men prol. 1 
1 3.96 1.86 121 .008 
ys a 1.39 29 .008 
3 4.19 ie mK O11 
4 2k 1.88 - .012 
5 4.19 1.88 £25 011 
6 2.79 22 145 .012 
7 4.71 2.09 — .014 
8 — 1.65 121 .010 
9 - 1.48 — .009 
10 — 1. - 
11 - 1.95 ; 
12 - 2.03 .108 012 
13 4.31 1.92 .129 013 
14 4.66 1.92 £33 O11 
15 - 1.86 #21 012 
16 5.00 1.98 .140 O12 
17 — 1.47 150 011 
18 — 1.80 — 
19 — 1.57 
20 — 1.54 — — 
21 4.00 1.68 .101 .008 
22 3.68 1.50 .134 .015 
23 3.96 1.86 ze .009 
24 3.50 ey AGT .010 
25 4.19 1.63 145 .014 
26 3.49 1.30 .128 .012 
pi = 2.05 .150 .016 
28 — 2.00 137 .010 
29 — 2.01 _ — 
30 — 0 


| 


76 _ _ 


AND SPECIMENS 21-30 FROM COLLECTION U-12. SPECIMEN 13 IS THE HOLOTYPE. 





Thickness of spirotheca 


2 3 4 5 6 7 
019 020 O41 042 .067 062 
015 .023 035 061 042 Su 
013 021 .028 047 054 080 
016 025 .034 .045 .049 .057 
013 021 .037 045 061 .070 
015 032 044 060 “ mn 

015 021 046 049 065 .058 
014 .016 .029 040 055 — 
016 021 033 056 059 _ 
016 025 047 055 082 nt 
020 .026 .034 .050 .069 — 
016 022 033 047 075 074 
015 023 031 050 .060 046 
016 025 027 039 067 076 
016 023 037 048 058 — 
.012 .016 030 .037 .053 057 
.014 .023 028 .044 .064 — 
015 .020 030 .048 .054 .076 
013 021 .030 .050 051 - 
021 026 049 049 —_ — 
014 033 051 056 048 — 
016 .020 034 ~~ —«-.038 .054 .059 
012 017 068 


.042 
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TABLE 13.—Continued 
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i- Height of volutions Septal count 

_ + 2 3 5 6 7 1 a5 © ¢ « 
1 034 .046 .084 1.125 .165 ~~ .221 .181 — —- —- —- —- — 
2 034 .950 .085 .118 .168 161 — —- —- —- — — 
3 040 .059 .070 = .114 ~~ 141 196 = .213 -_ —-— —- ~~ —> — 
4 047 = .063 .102 131 185 =.223 — —_-_ —_- — —_ <= 
5 035 =—.058 ~—.095 141 .183 .223 ~ —_- —- — _-_ — 
6 .048 ~=—-.061 .094 = .149 — - — — ~ —_ — 
7 .045 .080 128 .156 .181 .241 .242 —- — = — ~ 
8 043 .055 = .091 25 195 .i93 -= 9 15 18 19 - —- 
9 045 .059 = =.083—— «116 155 .200 11 > i 2 iy | 25 
10 — = = - 8 15 14 14 —- — 

11 ; = - : rae : Ss 15 @ 2 - 

12.036. =«-«.054. S097, 125.177 250 _ a ae a ‘ 

13.040 «©.061. »=-.089—S 132) 206.2300 — a 
14 041 050 =.079 ~——.124 .161 215 — —- —- — - — 
15 040 =.067 ~—.097 140 = .185 = .242 — —-_ - - CrCl Ohl 
16 035 039 087 114 73 #8 .21% — — — —- —-> —_- — 
17 044 3.056 ~—-«.102 147 .210 — — :. rH BSB Ba. = 
18 — — — — —- -- -- 8 12 17 19 20 17 
19 a = ay . — - ss HT Ha ® 
0 —- — - —- = $3 6 ww —- — 
21 032. .047 .063 .094 .114 .161 208 ~ — —- —- —- — 
22 045 ~—-.061 .082 131 za .247 — —- — - — — 
23 «4.040 «054 «= 080.117, «162—Ss««181— 242 — i 
24 .037 .062 .096 417 — - - ~ - — — 
25 .049 .071 .103 .138 _ - —. —_- — - —_- — 
26 042 O73 .102 .142 .161 --- - - — —- —- —_—_- — 
27 037 =—-.060~——«.091 Ag 163 = .159 — 8 14 14 15 18 21 
28 037.051 .082 121 .192 - - 9 fb 8 HW DP 
29 — - - - — — 9 14 15 16 16 20 
30 — - - — — 10 13 14 17 — — 

Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 Z E 4 5 6 7 1 2 3 4 5 6 
1 13s 1s 1.2 2.0 0 2.0 Ze 22 20 28 35 29 47 
D ae 5 f ‘ é : a i aa ei 
3 La @.2 223 26 235 289 2.3 18 18 23 25 -- 44 
4 2 tt. £8 284 24 24 - 25 24 27 31 40 53 
5 fe tH tit tH 2.8 24 — —_ : a — = = 
6 Le tH 1.3 28 — — —— 19 21 31 32 — — 
7 1.3 a2 tS t7 28 2:5 — 19 16 22 26 28 45 
12 [a7 £35 t23 283 22 ~ 27 29 35 42 61 — 
13 1.3 1.8 5 Ae a 1.8 22 19 27 25 af 39 44 
14 —_ — - - of BBR S — 
16 1.2 1.6 1.8 1.9 2.2 2.6 2.5 21 22 20 2 36 43 
21 is Ls ee 1.6 i. Z.8 2..5 20 16 21 23 33 39 
22 Ls £4 16 47 t8 2.4 - 27 29 24 22 27 61 
23 ‘4 2 85 ti.f w#s ~ 22 26 23 28 38 33 
24 io 1.1 is 1.2 — _ 22 19 20 33 37 — 
25 ls 41.5 t4 18 28 235 — 19 22 23 40 41 — 
1.2 1.8 1.8 1.9 2.0 7 22 31 40 54 —_ 


} d& 
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first to the sixth volution of 15 specimens 
are 1.2, 1.4, 1.6, 1.8, 1.9 and 2.4, respec- 
tively. 

The proloculus is small and its outside 
diameter measures 101 to 150 microns, 
averaging 128 microns for 20 specimens. 
Average heights of chambers for the first 


to the seventh volution of 23 specimens are 
35, 58, 90, 127, 170, 203 and 217 microns, 
respectively. 

The spirotheca is thick, especially in the 
outer volutions, and is composed of a tec- 
tum and a distinctly alveolar keriotheca. 
Averages of the thickness of the spirotheca 
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for the first to the seventh volution of 23 
specimens are 11, 15, 22, 35, 47, 59 and 65 
microns, respectively. The proloculus wall is 
11 to 18 microns thick, averaging 14 microns 
in 22 specimens. 

The septa are thin and possess pycno- 
theca. The number of septa per volution 
increases only slowly with each succeeding 
volution. Averages of the septal count 
for the first to the fifth volution of 12 
specimens are 9, 13, 16, 17 and 20, respec- 
tively. Septal fluting is confined largely to 
the axial region, and none of the specimens 
studied seems to be fluted across the tunnel. 

The tunnel is well defined, of medium 
width, and straight. Averages of the tunnel 
angle for the first to the sixth volution of 
15 specimens are 21, 21, 24, 31, 39 and 44 
degrees, respectively. The chomata are 
narrow and asymmetrical in cross-section. 
They are steep on the tunnel side and slope 
gently toward the poles. They are one-half 
to one-third as high as the chambers. Septal 
pores are common in the polar regions of the 
outer volutions. 

Discussion.—This species is similar to 7. 
cullomensis Dunbar and Condra in many 
respects but differs in its smaller size, smaller 
form ratio for mature specimens, thinner 
spirotheca for corresponding volutions, and 
somewhat less highly fluted septa. It differs 
from the Utah specimens identified as T. 
cullomensis in its smaller size, smaller form 
ratios for corresponding volutions, smaller 
proloculi, and smaller height of chambers for 
corresponding volutions. 

It can be distinguished from T. gallowayi 
Needham by its smaller height of chambers 
and thinner spirotheca for corresponding 
volutions, smaller tunnel angles, and slightly 
more highly fluted septa. 

It differs from 7. skinnert Thompson in 
having fewer volutions, less highly fluted 
septa, thicker spirotheca and greater height 
of chambers for corresponding volutions, 
much larger proloculus, and wider tunnel 
angles. 

It is similar in some respects to 7. 
mediocris Dunbar and Henbest but has a 
larger form ratio for mature specimens, 
larger proloculus, smaller septal count, 
thinner spirotheca for corresponding volu- 
tions, and less highly fluted septa. 

It differs from JT. mooret Dunbar and 
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Condra in its smaller size, smaller form 
ratios for adult specimens, smaller height 
of chambers and thinner spirotheca jp 
outer volutions. 

That part of the Oquirrh in which 7 


hobblensis occurs is Virgilian in age and | 


seems to be about equivalent to the middle 


part of the Shawnee group of the Mid. | 


Continent region. This species is. stratj- 
graphically the highest fusulinid found ip 
the Pennsylvanian part of the Oguirrh 
formation. 

Occurrence.—This species is common in 
bluish-gray limestone that forms the upper 
ledge on the north side of the canyon at the 
mouth of the right fork of Hobble Creek, 
east of Springville, Utah (Collections U-111, 
U-12 and U-13), about 15,300 feet strati- 
graphically above the base of the Oquirth 
formation. 


TRITICITES sp. A 
Plate 64, figures 4-10 


The specimens considered here are the | 
oldest representatives of Triticites in the 
Utah collections. They are scarce and many | 
are crushed. For completeness, some of the | 


better specimens are illustrated and the | 


following description is based on them. | 


Perhaps they are not all conspecific. 
The shell is subcylindrical to fusiform and | 
has bluntly pointed to rounded poles. | 
Specimens of five to six and a half volutions 
are 1.6 to 5.1 mm. long and 0.7 to 1.9 mm. | 
wide. Averages of the form ratio for the first 
first to the fifth volution of three specimens 
are 1.4, 1.8, 2.0, 2.3 and 2.5, respectively. | 
The proloculus is small and its outside 
diameter measures 72 to 137 microns, 
averaging 119 microns for five specimens. 
Averages of the height of chambers for the 
first to the fifth volution of four specimens 
are 43, 52, 84, 126 and 182 microns, respec: 
tively. 
The spirotheca is very thin and is com- 
posed of a tectum and an obscurely alveolar 
keriotheca. Averages of the thickness of the | 
spirotheca for the first to the fifth volution 
of four specimens are 9, 10, 13, 19 and 25 
microns, respectively. The proloculus wall 
is thin and difficult to measure. Seemingly 
it is 11 to 15 microns thick. 
The septa are only slightly fluted, and 
the fluting is confined almost entirely to 
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TABLE 14.—MEASUREMENTS OF Triticites Sp. A, IN MILLIMETERS 
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- . Diam. ‘Tideos of spirotheca 
\. 1 
— * Ww. prol. 1 2 3 4 5 6 
7 1.63 «= (0.69 S072 009 .009 = .011.—s—s«i«w016-'—(ss«wBSS—««D'S 
2 4.42 1.91 127 .009 .012 .012 .019 .025 .036 
3 3.84 1.29 137 .010 O11 .016 .024 .033 _ 
4 — 0.93 125 .008 .010 .016 .019 .027 — 
5 5.12 an 128 aes oe — ane Pi * 
— Height of volutions Septal count 
men 2 3 4 5 6 2 3 
“7. ~—o2s(iti«iw—“(téiwsC“(<«té‘i‘zSC(‘ié‘«“ HS on om 
2 .040 .049 .089 .118 .201 — — — — 
3 .059 .073 .102 152 193 — — — — 
4 .050 .050 .087 .149 — — 9 15 16 
= Form ratio of volutions Tunnel angle (degrees) 
men 4 5 6 1 Z 3 4 5 
4 15 1.7 1.9 #24 2.3 3.0 13 18 23 26 32 
2 {2 1.6 1.8 es 2.2 — 15 20 21 23 29 
3 1.6 ae | 2.4 2.8 2.9 — 21 24 31 39 — 
broad irregular loops in the axial region. 5,070 feet, about one mile east of the 


The septal count of one specimen is 9, 15 
and 16 for the first to the third volution, 
respectively. 

The tunnel expands uniformly and is 
straight. Averages of the tunnel angle for 
the first to the fifth volution of three speci- 
mens are 16, 20, 25, 29 and 30 degrees, 
respectively. The chomata are variable in 
development. Some specimens have ex- 
tremely massive chomata that extend down 
the lateral slopes. Others have narrow semi- 
circular to wedge-like chomata that are 
limited to the area immediately adjacent to 
the tunnel. A few small septal pores were 
observed in the polar regions of the outer 
volutions of some specimens. 

Discussion.—All of these specimens can 
be distinguished from T. irregularis (Staff) 
by their thinner spirothecae in the outer 
volutions, their smaller form ratios for cor- 
responding volutions, and their less irregu- 
lar lateral slopes. 

The rocks from which they were obtained 
are considered to be Missourian in age and 
probably are about equivalent to the lower 
part of the Kansas City group of the Mid- 
Continent region. 

Occurrence.-—These specimens occur in 
silty limestone at an elevation of about 





mouth of Hobble Creek Canyon east of 
Springville, Utah (Collection U-2) 12,000 
feet stratigraphically above the base of the 
Oquirrh formation. 


TRITICITES, sp. B 
Plate 64, figures 11-19 


A rather large number of sectioned speci- 
mens from Collection U-103, about 12,600 
feet above the base of the Oquirrh formation, 
do not seem to be referable to any previ- 
ously described species. All seem to be 
conspecific. Although many of the specimens 
are well oriented and well preserved, we do 
not understand their characteristics suff- 
ciently to establish a new species on this 
material alone. For completeness we illus- 
trate some of the better oriented sections 
upon which the following description is 
based. 

The shell is elongate fusiform with bluntly 
pointed poles and uniformly convex lateral 
slopes. Specimens of five and a half to seven 
volutions are 4.3 to 5.7 mm. long and 1.4 
to 2.1 mm. wide. Averages of the form ratio 
for the first to the fifth volution of five 
specimens are 1.3, 1.6, 1.8, 2.2 and 2.8, 
respectively. 

The outside diameter of the proloculus 















































464 M. L. THOMPSON, G. J. VERVILLE AND H. J. BISSELL 
TABLE 15.—MEASUREMENTS OF Triticites sp. B., IN MILLIMETERS 
————— ——— — ——— —_ a —e—_== 
Speci- L W Diam. Thickness of spirotheca 
men ee : prol. 1 3 4 6 
1 4.31 1.59 112 012 016 022 .033 034 | 
2 5.39 2.18 «AES .012 .012 .020 .029 .044 052 
3 — 1.82 .128 .014 .016 .020 .045 .050 064 
+ 5.65 2.09 .161 .012 .016 .032 .043 — a a 
5 — 1.39 .103 .011 .013 .018 .032 .042 — 
6 — 0.94 .142 — .014 .019 .030 — een 
7 — 2.41 343 .010 .012 .618 .030 .041 054 | 
8 — 1.53 .107 .012 .013 .015 .022 .033 050 
9 2.43 1.01 .134 .010 .019 025 .031 — ne 
Speci- Height of volutions Septal count ae 
men 1 2 3 4 5 6 1 2 K | 4 5 
1 053 .066 102 =. 154 251.225 as: 
Z .035 .052 .084 .141 .192 252 — — — — = 
3 .042 .067 .104 .159 207 .281 —_— — — — _— 
4 .051 .094 .108 .207 — — — — — — — 
5 .032 .050 .079 125 208 .268 11 16 18 21 24 
6 .046 .063 .098 .148 — — 11 18 21 21 — 
7 .040 .044 .083 8ST 196 .293 10 15 19 | — 
8 .040 .041 .071 .109 178 .251 8 13 15 7 21 
9 .046 .074 833 .161 — — — —_— — — _— 
Speci- Form ratio of volutions Tunnel angle (degrees) 
men 1 2 3 4 5 1 3 4 6 
1 1.2 1.4 2 ae 38 22 31 36 54 61 — | 
2 4.2 1.6 1.6 2.0 — 16 21 22 30 45 51 | 
3 ; 1.6 1.9 ‘| 2.6 23 24 37 43 63 
4 1.8 i 1.9 2.4 2.9 22 29 30 55 — - 
3 1.3 1.9 2.0 2.4 — 20 26 30 32 — a 


measures 103 to 161 microns, averaging 123 
microns for nine specimens. Averages of the 
height of chambers for the first to the 
sixth volution of nine specimens are 42, 
61, 95, 151, 207 and 261 microns, respec- 
tively. 

The spirotheca is thin, and averages 11, 
14, 21, 32, 40 and 55 microns in thickness, 
respectively, for the first to the sixth volu- 
tion of nine specimens. The septa are broadly 
and apparently irregularly fluted in the axial 
regions. Averages of the septal count for the 
first to the fifth volution of four specimens 
are 10, 15, 18, 20 and 22, respectively. 

The tunnel is wide and straight. Averages 
of the tunnel angle for the first to the fifth 
volution of five specimens are 20, 26, 31, 42 
and 56 degrees, respectively. Chomata are 
well developed in all but the outer volution. 
They are broad and asymmetrical in the 
early volutions and semi-elliptical to rec- 
* tangular in cross-section in later ones. A 
few small septal pores were observed in the 


polar regions of the outer volutions. 
Discussion.—T hese specimens resemble T. 
newelli Burma somewhat closely but have 
considerably greater tunnel angles, espe- 
cially in the outer volutions, smaller septal 
counts in outer volutions, slightly greater 
widths, and more loosely fluted septa. 


They resemble 7. springvillensis, n. sp., 


in many respects, but have thicker spiro- 
thecae and greater height of chambers in 
the outer volutions, smaller size, and smaller 
septal counts for corresponding volutions. 

The beds in which they occur are corre- 
lated with the Kansas City group of the Mid- 
Continent region. 

Occurrence—These specimens were col- 
lected from bluish-gray limestone about 650 
feet above the power plant in the main 
canyon of Hobble Creek, east of Springville, 
Utah (Collection U-103), about 12,600 feet 
stratigraphically above the base of the 
Oquirrh formation. 
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MIDDLE CAMBRIAN TRILOBITES FROM PEND OREILLE 
COUNTY, WASHINGTON! 


KENNETH P. McLAUGHLIN anp BETTY B. ENBYSK 
State College of Washington 





ABSTRACT—The occurrence of trilobites in the Metaline limestone has long been 
known. The fauna, including one or more of each of the genera Bathyuriscus, El- 
rathia, Elrathina, Olenoides, Ogygopsis and Taxioura, is herein described. The fauna 
substantiates the assigned Middle Cambrian age of the Metaline limestone, and 
appears to be in part equivalent to the Burgess shale member of the Stephen for- 


mation of British Columbia. 





INTRODUCTION 


4} Middle Cambrian Metaline lime- 
stone is at present recognized only in 
Pend Oreille County, Washington. It is 
underlain by the Maitlen phyllite (Lower or 
Middle Cambrian) and overlain by the 
Ordovician Ledbetter slate (Park and Can- 
non, 1943). The trilobites described were 
collected from quarries of the Lehigh Port- 
land Cement Company one-half mile south- 
east of the town of Metaline Falls on the 
east valley side rising from the Pend Oreille 
River. Specimens were obtained from the 
upper quarry (elevation 3,066 feet) and mid- 
dle quarry (elevation 2,840 feet). 

A collection from a third location, de- 
scribed as being one mile north and one- 
half mile east of the Slate Creek Bridge 
approximately six miles north of Metaline 
Falls on State Highway 6, consists primarily 
of trilobites like those of the middle quarry. 
The collection was made and sent to the 
Geology Department of the State College 
of Washington in 1931 by W. F. Myers 
whom the writers were unable to contact 
for further information. 

At the time the collections were obtained 
from the Lehigh quarries an attempt was 
made to find the location described by 
Myers. Since 1931 fires have resulted in 
much scrubby new undergrowth in the area 
indicated and many outcrops of that time 
are now hidden. However, it should be noted 
that all of the rocks examined in the Slate 
Creek area are more metamorphosed than 
are those of the quarries, although the pres- 


1 This study was supported in part by a grant- 
in-aid from research funds of the State College of 
Washington. 
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ervation of Myers’ collection is comparable | 
to that of the quarries. 

According to Park and Cannon (1943) the 
Metaline limestone of the quarries forms 
the lower part of a relatively undisturbed 
block which includes 3,000 feet of strata, 
A measurement of the Metaline limestone in 
the Sullivan Creek area to the north of 
Metaline Falls indicated a thickness of 6,000 
to 7,000 feet. Although the Cambrian ¢. 
quence in the area is imperfectly known, itis 
probable that the quarries are in the lower 
half of the Metaline limestone. 

The age of the Metaline limestone has | 
been previously determined by two collec | 
tions identified as Middle Cambrian. One | 
group from the shaly bed _ overlying} 
upper Lehigh quarry contained the follov- | 
ing fossils as identified by Josiah Bridge: | 
Elrathia kingii, Neolenus sp., Kootenia sp, 
Pagetia sp., Acrothele sp. (Park & Cannon, 
1943). The second locality listed by Park 
and Cannon (1943) is a limy shale on the 
southeast bank of Three Mile Creek in the | 
SW i of section 12, T39N, R43 at an alti 
tude of 2,000 feet. The genera, also identi- 
fied by Bridge, are those of the first location. 

According to Bridge, the Metaline lime- 
stone is approximately equivalent to the 
Middle Cambrian of the Libby Quadrangle, 
Montana, and to the Stephen formation d 
British Columbia. B. F. Howell (1945) found | 
upon further examination of a Metaline 
fauna that it is equivalent to that of the | 
Lakeview of Idaho with some species re 
lated to members of the Damnation and | 
Pagoda formations of northeastern Mot 
tana. Howell considers the Metaline equi 
alent to the lower part only of the Stephen 
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MIDDLE CAMBRIAN TRILOBITES 


formation, and its fauna older than the 
Ogygopsis fauna of Mt. Stephen, B.C. 
Elrathia and Elrathina are the predomi- 
nant genera in the Metaline limestone. In 
order of decreasing abundance these are 
associated with the following: Taxioura 


, Ogygopsis, Bathyuriscus, and Olenoides. 


Much confusion exists in the literature 
concerning those forms separated from the 
old inclusive genus Ptychoparia. Many 
separations have been made without ade- 
quate descriptions of the genera and species 
suggested. Gradations were found between 
many species of the same genus and between 
the genera Elrathia and Elrathina. Because 
of the advantage of many specimens of these 
two genera, detailed descriptions have been 
prepared by the writers. Specimens of 
Elrathia and Elrathina are illustrated by 
camera-lucida drawings because their small 
size and low relief made photographic re- 
production unsatisfactory. 

Recently a committee composed of B. F. 
Howell, E. H. Frederickson, C. Lochman, 
G. O. Raasch and F. Rasetti (1947) clarified 
morphologic terms applied to Cambrian 
trilobites. Their preferred terms are used in 
the present paper. Discussions of generic 
and specific characteristics considered diag- 
nostic by Lochman (1947) are incorporated 
in the descriptions. 


SIGNIFICANCE OF THE METALINE 
TRILOBITES 


The presence of Ogygopsis klotzi in some 
abundance (numerous pygidia in addition to 
one complete specimen) immediately sug- 
gests age equivalence to the O. klotzi zone 
of the Stephen formation of British Colum- 
bia. The genera Bathyuriscus and Olenoides 
are generally considered indicative of late 
Middle Cambrian time. Therefore it seems 
probable that that part of the Metaline 
limestone exposed in the upper Lehigh 
quarry is at least as young as the O. klotzi 
zone of the Stephen. 

Distribution of trilobites within the 
Metaline limestone suggests that it may be 
possible, with more study, to set up some 
usable faunal zones within the Cambrian 
of northeastern Washington. Of the collec- 
tions considered in this study those from 
Slate Creek and the middle quarry are 
characterized by Olenoides, Elrathia and 
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Elrathina. These are much less in evidence 
in the limestones of the upper quarry where 
Taxioura, Bathyuriscus and Ogygopsis are of 
much more frequent occurrence. 


SYSTEMATIC DESCRIPTIONS 


Genus BatHyuriscus Meek, 1873 
BATHYURISCUS sp. 
Plate 65, figure 4. 


Only one specimen of the forms referable 
to the genus Bathyuriscus was complete 
enough to furnish evidence as to the nature 
of the cephalon and complete thorax. Three 
other fragmentary specimens each included 
posterior thoracic segments and more or less 
well preserved pygidia. 

In general characteristics, overall propor- 
tions, outline and proportions of the cranid- 
ium and pygidium, and particularly in the 
breadth of the free cheeks, the Metaline 
forms most closely resemble the Lower 
Cambrian form B. (Poliella) primus Wal- 
cott (1916). As on the latter, the axial lobe 
of the pygidium consists of two rings and a 
posterior segment. 

The glabella appears to expand anteriorly; 
glabellar furrows are not visible and pal- 
pebral lobes are not preserved; the anterior 
halves of the fixed cheeks appear particu- 
larly narrow; the occipital segment is sharply 
set off from the anterior part of the cranid- 
ium. 

The thorax consists of nine or ten seg- 
ments and is sharply differentiated into a 
narrow axial lobe and the broad pleural 
lobes; furrows on the pleurons trend from 
the inner posterior to outer anterior edges; 
the tapering extremeties of the pleurons 
extend slightly posteriorly. 

Of the specimens referred to Bathyuriscus, 
all have an appreciably larger width- 
length ratio (ranging from 2 to 2.5) than the 
described forms of B. primus with ratios of 
1.3 to 2. 

Figured spbecimen.—State 
Washington, 4921. 


College of 


Genus ELRATHIA Walcott, 1924 
ELRATHIA LONGICEPS Resser 
Plate 65, figures 11, 13 
Elrathia longiceps RESSER, 1938, Smithsonian 


Misc. Coll., vol. 97, no. 3, p. 8, pl. 1, fig. 50. 
Rennie shale east of Pend Oreille Lake. 
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Resser’s brief description ascribes the 
following characteristics to the species: 
“longer glabella and relatively shorter brim 
(than E. sampsoni); the brim is divided 
more nearly equally between the rim and 
preglabellar area.”’ 

As this brief note gives an inadequate 
description of the species it seems well to 
describe those specimens from the Metaline 
limestone which have been identified as E. 
longiceps. 

Palpebral lobes faint, curved, 
elongate ridges paralleling the posterior 
lateral edges of the fixed cheeks near mid- 
length of the cranidium; ocular ridges 
(preserved on few specimens) indistinct, 
normal to longitudinal axis and opposite 
anterior one-eighth of glabella. 

Glabella elongate, subquadrate, bluntly 
rounded anteriorly, convex, usually with a 
sharp median ridge; three pairs of distinct 
glabellar furrows, the posterior pair con- 
verging sharply posteriorly, anterior pairs 
less distinct with less convergence. 

Slightly convex fixed cheeks two-thirds to 
slightly over three-fourths of width of gla- 
bella at mid-length; width of fixed cheeks 
always less than the length from anterior 
margin to anterior end of glabella. (This 
feature is a generic characteristic of £l- 
rathia). 

Posterior limb (posterolateral limb) one 
and one-fourth to one and one-half times 
as long as the occipital ring. Because of 
crushing, this measurement is difficult to 
make with accuracy. Strong marginal fur- 
rows trending anteriorly across the posterior 
limbs produce laterally expanded posterior 
borders; the marginal furrow often as wide 
as posterior border of posterior limb. 


narrow 
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Anterior marginal furrow nearly straight 
or on some specimens very slightly convex 
anteriorly. According to Resser’s original 
description, this margin should divide pre. 
glabellar area (brim of Resser) into two 
equal parts: border (rim) and brim (pre. 
glabellar area). In the specimens from the 
Metaline limestone these two areas are not 
always equal, with complete gradations 
from very narrow brim to very narrow bor- 
der. As the specimens are identical in other 
respects it would seem that the proportion. 
ate widths of these features are not diag. 
nostic specifically in the case of E. longiceps, 
The strong straight marginal furrow gives 
a characteristic anteriorly blunted appear- 
ance to the species. 

The course of the facial suture is difficult 
to determine. Its apparent straightness is 
probably due to poor preservation. No speci- 
mens of E. longiceps were found complete 
with free cheeks. 

Occipital ring high, strongly convex 
posteriorly; presence of node not detected 
but many specimens showed a high medial 
portion that might be interpreted as such. 

Thorax composed of 15 to 17 segments; 
articulating and dorsal furrows deep; axial 
lobe slightly narrower than pleural lobes; 
thorax moderately tapered giving elongate 
appearance to carapace; each pleuron di- 
vided by a faint pleural furrow into two 
portions—the anterior portion approxi- 
mately twice as wide as the _ posterior; 
distal ends of these two portions bluntly 
pointed and directed in such manner that a 
gap occurs between them laterally. 

No spines were observed on any portion 
of the carapace. 

Pygidium very small, so poorly preserved 


EXPLANATION OF PLATE 65 
All specimens are from the Metaline limestone. Figures J—10 are unretouched photographs; J/-17 


are camera-lucida drawings. 


Fic. 1—Ogygopsis klotzi (Rominger). Upper Lehigh quarry; X32. 


(p. 470) 


2, 9—Taxioura elongata McLaughlin and Enbysk, n. sp. Upper Lehigh quarry. 2, Holotype, X1; 


9, paratype, X1. 


3—Taxioura? sp. Upper Lehigh quarry; X1. 
4—Bathyuriscus sp. Upper Lehigh quarry; X2. 
5—Olenoides maladensis Resser (?). Middle Lehigh quarry; X1. 


(p. 470) 
(p. 471) 
(p. 467) 
(p. 470) 


6, 8—Olenoides sp. 6, Middle Lehigh quarry; X2. 8, Slate Creek; X5. 


7—Taxioura sp. Upper Lehigh quarry; X1. 


10—Olenoides maladensis Resser. Middle Lehigh quarry; X2. 


(p. 470) 


11, 13—Elrathia longiceps Resser. 11, Slate Creek; X5. 13, Upper Lehigh quarry, X43. (p. 467) 
12, 14-17—Elrathina cordillerae Resser. 12, 16, Slate Creek; X43. 14, 15, 17, Middle Lehigh quar- 


TY? KS. 


(p. 469) 
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as to be scarcely visible. On the three speci- 
mens possessing distinguishable pygidia, 
the axial portion appears nearly hemi- 
spherical and slightly larger than the pre- 
ceeding axial segment; pleural lobe flattened, 
unfurrowed (possibly due to preservation) 
and very small; pygidium as a whole sub- 
semicircular. 

Entire length of carapace varies from 
1.0 to 2.6 mm. with respective widths of 
0.6 mm. to 1.3 mm.; thorax length one and 
two-thirds times that of cephalon; pygidium 


minute. 
Figured specimens.—State College of 


Washington, 4922. 


Genus ELRATHINA Resser, 1937 
ELRATHINA CORDILLERAE (Rominger) 
Plate 65, figures 12, 14-17 


Conocephalites cordillerae ROMINGER, 1887, Proc. 
Acad. Nat. Sci. Philadelphia, p. 17, pl. 1, fig. 7. 

Ptychoparia cordillerae \WALCOTT, 1888, Amer. 
Jour. Sci., 3rd ser., vol. 36, p. 165; 1918, 
Smithsonian Misc. Coll., vol. 67, no. 4, p. 144, 
pl. 21, figs. 4 (3 and 5?). Stephen formation, 
Ogygopsis zone and Burgess shale member, 
British Columbia. 

Elrathina cordillerae RESSER, 1937, Smithsonian 
Misc. Coll., vol. 95, no. 22, p. 11. Mount 
Stephen, above Field, British Columbia. 


Resser’s complete description: ‘‘The genus 
is characterized by a small pygidium and 
narrow preglabellar area which distinguishes 
it from Elrathia; thorax long, tapering to 
small pygidium.”’ 

Deiss (1939, p. 87) considered Resser's 
original description incomplete and de- 
scribed Elrathina as follows: 


Cranidium subtrapezoidal, flatly to moderately 
convex; glabella_ subparallel sided, bluntly 
rounded to transverse; brim moderate, rim sub- 
equal to or narrower than preglabellar area, 
slightly thickened and upturned; marginal furrow 
distinct, rounded; facial suture intramarginal 
then diverging slightly posteriorly behind eye 
lobes; fixed cheeks wider than brim posterolateral 
limbs strong, relatively wide with well defined 
rounded straight furrow; thorax tapering, axial 
lobe narrow, rounded, 18 or 19 segments; pleural 
lobes flattened above, bent downward laterally, 
strong, rounded, straight; pleurae straight, uni- 
form in width, laterally directed bluntly pointed 
distal ends; pygidium minute, transversely ellip- 
tical, axis sharply tapered, wide, acutely rounded 
posteriorly; pleural lobes faintly furrowed, rim 
unknown, no spines. 


The following features are also observable 
on the specimens of Elrathina cordillerae of 
the Metaline limestone: 


Palpebral lobes faint, strongly concave 
laterally, lying about midlength of the 
glabella; ocular ridges strong, straight, near 
anterior end of glabella and normal to its 
axis. 

Glabella slightly ridged or uniformly con- 
vex longitudinally; three pairs of glabellar 
furrows, posterior pair converging sharply 
posteriorly, middle pair less sharply con- 
verging, indistinct anterior pair almost 
normal to longitudinal axis. 

Width of fixed cheek three-fourths of or 
equaling that of glabella on midline, flat 
to slightly convex; free cheeks always equal 
to or wider than distance from anterior 
margin to anterior end of glabella (generic 
feature). 

Length of posterior limb (posterolateral 
limb) one to one and one-half times as long 
as occipital ring; (crushing ‘may produce a 
laterally extended posterior limb); marginal 
furrows strong, trending slightly antero- 
laterally; marginal furrow usually narrow; 
posterior border of posterior limb narrow. 

Anterior marginal furrow straight, strong; 
width of brim (preglabellar area of Resser) 
equal tc, more than, or less than that of 
border (rim of Resser). This relationship 
has been used to designate species of £l- 
rathina, but as complete gradations are 
found in otherwise identical specimens and 
as Rominger, in his description of the geno- 
type recognized these variations it would 
seem that separations on this basis are not 
valid. 

As only a few specimens possess intact 
free cheeks, the course of the facial suture is 
difficult to determine. If present however, 
it follows the course mentioned in Deiss’ 
generic description; free cheek equals or is 
slightly less wide than fixed cheek along 
their respective midlines. 

Occipital ring low, slightly convex poste- 
riorly, no occipital node. 

Thorax composed of 16 to 19 segments, 
tapering more rapidly than in Elrathia 
longiceps, producing a shorter appearance of 
the carapace; width of pleural lobe one and 
one-fourth times the axial width; each 
pleuron divided by a faint pleural groove 
into two portions, anterior slightly wider 
than posterior; interpleural grooves wide, 
rounded; nodes faintly suggested at junc- 
tions of axial segments and pleurons. 

Pygidium very small; axial portion wider 
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transversely than preceeding axial segment; 
pleural lobes flat, unfurrowed. 

Entire length of carapace ranges from 0.5 
to 1.6 mm. with respective widths of 0.4 to 
1 mm. The width-length ratio more nearly 
approaches unity in the small than in the 
large forms. 

Figured specimens.—State 
Washington, 4923. 


College of 


Genus OGyGopsis Walcott, 1888 
OGYGOPSIS KLOTZI (Rominger) 
Plate 65, figure 1 
Ogygopsis klotzi Watcott, 1916, Smithsonian 

Misc. Coll., vol. 64, no. 5, p. 377, pl. 66, figs. 1, 

la, b, (includes synonomy). Stephen forma- 

tion, Ogygopsis zone, British Columbia. 

The most complete specimen in the 
Metaline collection lacks only the free 
cheeks. The entire specimen has _ been 
obliquely distorted but without obliteration 
of essential features. Numerous pygidia 
were found in addition to the specimen illus- 
trated. 

The Metaline specimen and associated 
pygidia correspond to O. klotzi as described 
by Walcott (1916) in all respects. The axial 
lobe of the pygidium consists of nine rings 
and a terminal segment. The overall length 
of 8.5 cm. is similar to the 11 cm. length of 
the largest specimen described and figured 
by Walcott. 

Figured specimen.—State College of Wash- 
ington, 4924. 


Genus OLENOIDES Meek, 1877 
OLENOIDES MALADENSIS Resser 
Plate 65, figures 5(?), 10 
Olenoides maladensis RESSER, 1939, Smithsonian 

Misc. Coll., vol. 98, no. 24, p. 46, pl. 10, figs. 

27, 28. Ptarmigania strata, Utah. 

Pygidia from the Metaline limestone 
correspond to the types in all respects ex- 
cept surface ornamentation and size. The 
state of preservation prohibits occurrence of 
spines on the anterior axial rings and the 
surface is too corroded to exhibit the granu- 
lations described on the types. The largest 
Metaline pygidium measured 17 mm. from 
side to side as compared to the width of 
approximately 31 mm. of the types. 

. A single cranidium collected stratigraphi- 
cally very near the pygidia of O. maladensis 
is tentatively assigned to that species. Its 
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maximum width of 16 mm. at the posterior 
border is satisfactory with regard to the 
maximum width of the pygidium described 
above. It resembles the cranidum tentatively 
assigned to Kootenia venusta by Resser 
(1939) in size and proportions of glabella 
but appears to possess wider fixed cheeks, 
The more prominent ocular ridges are 
laterally directed from the anterior of the 
glabella to the margin of the free cheek 
before bending sharply posteriorly. No 
glabellar furrows were observed. The occipi- 
tal ring is sharply delimited and appears to 
have borne a posteriorly projecting spine. 

Dimensions of glabella: width, 7 mm.; 
length, 7 mm.; Width of fixed cheek, 4 
mm. 

Figured specimens.—State 
Washington, 4925. 


College — of 


Genus TAXIOURA Resser, 1939 
TAXIOURA ELONGATA McLaughlin and 
Enbysk, n. sp. 

Plate 65, figures 2, 9 


This species is based on two cranidia and 
one associated pygidium. The very long, 
slender, strongly arched glabella is the 
chief characteristic of this species. The 
facial sutures have a strong divergence 
anteriorly from the eyes. The ocular ridges 
are similar in prominence to those of other 
species of the genus but are more posteriorly 
directed. Upturning of the anterior border is 
pronounced. The occipital furrow is moder- 
ately deep and the occipital segment is 
large and prominent. Preservation does not 
permit determination as to the exact nature 
of glabellar furrows but there is some indi- 
cation of the presence of at least a posterior 
pair. 

The pygidium is large and characteristic 
of the genus. The axial lobe is narrow, ex- 
tending to the inner edge of the narrow 
posterior border and consists of nine rings 
and a slightly elongate terminal segment. 
Interpleural grooves are conspicuous to the 
inner edge of the border; pleural furrows 
absent. The posterior indentation of the 
margin is only faintly discernible on the 
slightly distorted specimen. 

Dimensions of glabella: width, 8.5 mm.; 
length, 15 mm.; ratio of fixed cheek width 
to glabella width: 0.29. Pygidiwm: width, 
20 mm., length, 22 mm. 
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This species differs from T. magna Resser 
(1939) and T. typicalis Resser (1939) in 
the width-length ratio of the glabella: 0.50 
or 0.56 as against 0.67 and 0.75. 

Figured specimens.—Holoty pe, State Col- 
lege of Washington, 4926; paratype, State 
College of Washington, 4926a. 


TAXIOURA? sp. 
Plate 65, figure 3 


Carapace medium-sized, elongate ovoid in 
outline; cranidium, thorax, and pygidium 
of approximately equal dimensions; axial 
lobe very broad anteriorly, tapering poste- 
riorly, highly arched throughout. 

Cranidium bluntly rounded anteriorly, 
brim absent anteriorly, border slightly 
upturned; glabella smooth, tumid, nearly 
square in outline, width twice that of fixed 
cheek; fixed cheeks slightly convex; long 
ocular ridges extending from anterior third 
of glabella laterally and posteriorly, nearly 
paralleling border; occipital furrow deep; 
occipital ring narrow, posteriorly convex; 
posterior limbs crossed by deep marginal 
furrows, posterior border narrow, slightly 
expanded laterally. 

Thorax composed of eight segments; 
width of axial lobe equal to that of pleural 
lobes; pleurons separated by moderately 
deep grooves, pleural terminations indis- 
tinct; pleural furrows poorly preserved. 

Pygidium semicircular in outline; axial 
lobe consisting of eight rings and a posterior 
segment, narrower than pleural lobes, so 
highly arched as to partially overhang the 
pleural platform; pleurons separated by 
distinct grooves, furrows absent; border 
narrow. 

Dimensions of glabella: length, 10.5 mm.; 
width, 10.0 mm. Fixed cheek: width, 5 mm. 
Pygidium: width (midlength), 23.0 mm. 
Axial lobe: width, 5.0 mm. 

In the Metaline collections there is but 
one specimen of the form described above 
and its definite generic identification is not 
possible. The glabella is much less elongate 





than those of described species of Taxioura, 
the posterior margin does not carry the in- 
dentation characteristic of Taxioura, and 
the proportional width of the axial lobe of 
the pygidium is greater than that of other 
described species of the genus. 

The general outline and proportions, how- 
ever, are those of Taxioura. The length and 
trend of the ocular ridges and the upturned 
anterior border strongly resemble those same 
features of Taxioura. The strongly arched 
axial lobe extending essentially the full 
length of the pygidium is characteristic of 
the genus. 

Figured specimen.—State College of Wash- 
ington, 4927. 
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PLANULARIA PLANOTROCHIFORMIS, A NEW SPECIES 
SHOWING VARIATION IN THE GENUS 


KEITH M. HUSSEY anp CHARLES L. McNULTY, JR. 
Iowa State College, Ames, Iowa and University of Oklahoma 





ApstRact—The new species, Planularia planotrochiformis, is described. The 
gradation from perfectly planispiral to strongly trochoid forms is emphasized and 
reasons for not recognizing a new genus are given. 





INTRODUCTION 


ORE than 50 specimens of a new species 
M were picked from samples of Corsicana 
marl collected at the type locality by stu- 
dents at the University of Oklahoma study- 
ing Cretaceous micro-faunas. Among the 
specimens are some which are definitely 
trochoid, and at first it was thought that 
they represented a new genus. Additional 
specimens, however, showed every stage 
from perfectly planispiral to strongly 
trochoid forms, as indicated by the accom- 
panying figures of selected specimens. No 
great difference in the number of chambers 
in planispiral and trochoid forms was 
noted, and no immature trochoid forms 
were found, but all large specimens studied 
are more or less trochoid. For these reasons 
it was concluded that the trochoid variation 
was not sufficient basis for the erection of a 
new genus, although future studies may 
reveal a bona fide ‘“‘trochoid-planularian” 
genus in younger zones. This may be the 
beginning stage of a trend which could give 
rise to a new genus. 

Planularia planotrochiformis most closely 
resembles Planularia dissona Plummer, a 
quite variable species. It differs, however, in 
several notable respects and is even more 
variable than that species in some of its 
characteristics. 


SYSTEMATIC DESCRIPTION 
Family LAGENIDAE 
Genus PLANULARIA 
PLANULARIA PLANOTROCHIFORMIS Hussey 
and McNulty, n. sp. 


Test calcareous and finely perforate; 
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planispiral to strongly trochoid, showing in 
the less trochoid forms a tendency to uncojl; 
compressed, especially in the later portions, 
periphery keeled throughout, keel varying 
from moderate in breadth and thickness ty 
very broad and thin; chambers from seven 
to eight in more planispiral forms, eight to 
nine in more trochoid forms, low and broad, 
variably increasing in height and breadth 
according to trochoid and uncoiling tend. 
encies; sutures distinct, limbate and var. 
ably raised, generally more so in the earlier 
portion, becoming flush and even depressed 
in the later portions, and generally more 
raised on the ‘‘evolute’’ side than on the 
‘“involute’’ side of the strongly trochoid 
forms; wall smooth except for variably 
developed costae which generally parallel 
the periphery and are more or less costate; 
raised umbilicus; aperture radiate, at the 
peripheral angle; length, 0.5-1.4 mm; 
breadth, 0.4-1.0 mm.; width 0.2—0.4 mm. 
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Hussev and McNulty, n. sp. Cotypes, Corsicana marl, 
type locality; X27. 


Fics. 1-9—Planularia planotrochiformis 
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“LOCKHARTIA” CUSHMANI APPLIN AND JORDAN AND 
NOTES ON TWO PREVIOUSLY DESCRIBED FORAMI- 





NIFERA FROM TERTIARY ROCKS IN FLORIDA! 


ESTHER R. APPLIN anp LOUISE JORDAN 
U. S. Geological Survey, Tallahassee, Florida, and Sun Oil Company, Tallahassee, Florida 





ABSTRACT—This paper discusses changes made in the names of three foraminifera] 
species originally described by the writers, with particular emphasis on ‘‘ Lockhartia’’ 
cushmani Applin and Jordan. The internal characters of this form are fully described 
and compared with the diagnostic characteristics of the genus Lockhartia Davies 
and with the geno-lectotype of Rotalia, R. trochidiformis Lamarck, as given by 
Davies (1932). Comparisons are also made with Lockhartia bermudezi Cole. A plate 
of illustrations demonstrates the features described. In addition. E/phidium leonensis 
Applin and Jordan is briefly discussed and the generic placement of Miscellanea 
nassauensis Applin and Jordan is mentioned. 





Lockhartia CUSHMANI 


ie describing the internal characters of 
some rotalid species, Cole (1947, pp. 15- 
18) referred ‘“‘Lockhartia’’ cushmani Applin 
and Jordan to the genus Rotalia. This refer- 
ence involves the trivial name in homonymy 
with Rotalia cushmani Applin and Jordan 
(1945, p. 143). As the homonym was not 
recognized our name was not suppressed and 
replaced.? We feel that it is desirable to 
leave the generic assignment to Lockhartia 
Davies and welcome this opportunity to 
amplify the description originally given for 
‘“‘Lockhartia’’ cushmani Applin and Jordan. 

The writers were never completely satis- 
fied with their generic classification of this 
species. When ‘“‘Lockhartia’’ cushmanit was 
originally described (Applin and Jordan, 
1945, p. 143), this matter was discussed with 
Dr. J. A. Cushman, who at that time and 
later (Cushman, letter dated December 15, 
1947), emphasized the uncertain status of the 
genus Rotalia and suggested that reference of 
our form to that genus would add materially 


1 Published by permission of the Director, U. 5. 
Geological Survey, and of the Sun Oil Company. 

2 Written statement by J. Brookes Knight, 
Chairman of Joint Committee on Zoological No- 
menclature for Paleontology in America: ‘‘Recent 
action of the International Commission on Zoo- 
logical Nomenclature provides that it is not 
necessary to suppress a secondary junior homo- 
nym if the homonym is not discovered until it no 
longer exists but that if the homonym has been 
suppressed by renaming, the older name can 
never be revived’? (Personal communication, 


1948). 
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to the present confusion. We, therefore, as. 
signed it to Lockhartia, the genus to which 
we believe it is most closely allied. At this 
time we wish to follow the _ suggestion 
offered by Frizzell and Keen (1949, p. 107 
and place the generic name in quotation 
marks to indicate some doubt regarding its 
exact generic placement. We agree with 
Brotzen (1942, p. 16), Glaessner (1947, p. 
157) and Frizzell and Keen (1949, pp. 106- 
107) that the family Rotaliidae requires 
monographic revision at a generic level. 

It was originally planned to illustrate our 
article (Applin and Jordan, 1945) with 
figures showing both the external character 
and internal sections of many of the species 
described, including ‘‘Lockhartia’’ cushmani, 
but prior to publication, a 
unannounced restriction in the number of 
allowable plates necessitated revision of our 
illustrations. Accordingly, nearly all figures 







previously | 
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of internal sections were eliminated as not | 


absolutely essential to the primary purpose 
of the paper, which was designed to aid eco- 
nomi* paleontologists in determining the 
age and correlation of subsurface formations 


in wells in Florida. Nevertheless, in general , 


studies of Florida Foraminifera and in work 
preparatory to publication of that article, 
we did, in fact, base our conclusions partly 
on internal sections, and partly on etched 
preparations of specimens from a large 
collection of Foraminifera appearing i 
samples taken from many widely scattered 
Florida wells. 
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Cole (1947, p. 14) gave a brief compara-_ vations on “‘Lockhartia’’ cushmani. In 
tive table of the major differences between addition, we call attention to several other 
Rotalia and Lockhartia, apparently based on points of similarity and dissimilarity be- 
studies of the geno-lectotype of Rotalia, R. tween “‘Lockhartia’’ cushmani, Rotalia trochi- 
trochidiformis Lamarck, as given by Davies diformis as described by Davies, and the 
(1932, pp. 414-418). genus Lockhartia. Davies (1932, p. 414) 

We demonstrate in table 1 certainimpor- ably discussed the strongly crenulate or 
tant similarities and differences between tuberculate character of the ventral face of 
Cole’s delineation of Rotalia and our obser- BR. trochidiformis. He remarked particularly 


TABLE 1.—QUALITATIVE COMPARISON Rotalia PER COLE wiTH ‘“‘Lockhartia” 








Rotalia “‘Lockhartia’’ cushmani 





Dorsal face coarsely perforate; ventral face finely perforate. 
Lockhartia is also perforate according to Davies (1932, p. 406). 


“Coarsely tubulated”’ 


irregular, Pillars thick, somewhat irregular in shape, usually penetrating 
two whorls, and sometimes continuing into a third. See plate 
66, figures 2, 3-5, and Cole (1947), plate 6, figure 4. As stated 
in the original description, an unfilled specimen sliced verti- 
cally through the central area revealed pillar extending dor- 
sally as well as ventrally from the initial whorl. In this respect 
‘‘Lockhartia’’ cushmani closely resembles the illustrations 
(Cole, 1942, pl. 92) of Lockhartia bermudezi Cole. Unfortu- 
nately, specimens with this unaltered type of preservation did 
not make successful thin-sections. 


“Umbilical region deeply Umbilical area not deeply invaded by the lower chamber wall. 
invaded by the lower See plate 66, figures 1-5 and Cole (1947), figure 1, page 8. The 
deep penetration of the lower chamber walls in Rotalia is 
stressed by Davies (1932, pp. 414, 416) as an important 
criterion for the separation of the two genera. 


“Pillars short, 
and limited generally to 
the level of their own re- 
spective whorls.” 


chamber wall” 


“Secondarychamberspres- Cole (1947, pp. 16, 17) apparently believed that he had found 
‘a some secondary chambers on the specimens of ‘‘Lockhartia’’ 
cushmani which he examined. The authors, as well as several 
other paleontologists who have studied the large collection of 
available specimens have not been able to identify this fea- 
ture. The secondary chambers, which Davies (1932, p. 415) 
described for the geno-lectotype Rotalia trochidiformis Lam- 
arck, are formed by ‘‘the lower wall of the chamber”’ develop- 
ing ‘“‘transverse septa as well as radial ones . . . so as to sepa- 
rate the inner portion of the chamber from the rest of it. The 
portion thus separated off constitutes the ‘astral lobe’ of 
Carpenter and Brady.”’ Cole (1947, p. 16) describes the sec- 
ondary chambers which he saw in ‘‘Lockhartia’”’ cushmani as 
being ‘‘formed near the periphery by the bifurcation of the 
primary chamber walls as they approach the periphery.” 
Glaessner (1947, p. 157) has pointed out, and Davies (1932, 
pp. 416, 417) has noted the fact that other genera contain 
“astral” chambers. Glaessner also mentioned the ‘‘clearly 
seen’? supplementary chambers in Rotalia beccarii (Linné)— 
the species which Cole (1947, p. 19) placed in the revived 
genus Turbinulina and which Brotzen (1942, p. 21) and Renz 
(1948, p. 167) assigned to the genus Streblus Fisher. 


ent 
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upon the development of the granules which 
“begin to form along the edges of the astral 
and septal furrows...’ and “spread 
therefrom over the whole base of the test.”’ 
No indication of a similar feature has ever 
been seen on ‘‘L.”’ cushmani although it is 
common to many other species heretofore 
classified in Rotalia. 

Etched specimens of ‘‘Lockhartia’’ cush- 
mani show that the double interchamber 
walls broaden abruptly as they near the 
umbilical area, forming a V-shaped region 
which, in vertical sections, is revealed as the 
wedge-shaped termini of the inner ends of 
the interchamber walls where they abut 
against the umbilical pillars. Similar fea- 
tures have been described for L. conditi 
(Nuttall), L. newboldi (d’ Archiac and Haime) 
(Davies, 1932, p. 407), and L. bermudezi 
Cole (1942, p. 642). 

A sliced vertical section of an unfilled 
specimen of ‘“Lockhartia’’ cushmani is 
illustrated (pl. 66, fig. 7) which demon- 
strates short pillars extending dorsally from 
the initial chamber and also reveals the 
interesting coarsely perforate character of 
the interchamber wall, shown on the left 
side of the photograph. 

In summarizing, Davies (1932, p. 416) 
pointed out that Rotalia is distinguished 
from Lockhartia ‘“‘by the nature of its lower 
chamber wall, which penetrates deeply into 
the umbilical region of the test and there 
develops the lateral chambers herein called 
‘astral lobes.’ Contrasting these distin- 
guishing features of Rotalia with ‘“‘L.”’ 
cushmani, we have shown that in the latter 
form the umbilical area is not deeply invaded 
by the lower chamber wall, and that the 
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“astral lobes,’’ or secondary chambers 
described by Davies for R. trochidiformis are 
not present. 

As one other species of Lockhartia, L. 
bermudezi Cole (1942, pp. 641-642) has 
been described from the western hemisphere, 
a brief comparison of the two species should 
be of interest. The ventral face of ‘‘Lock- 
hartia’’ cushmant is very similar to that of 
L. bermudezi. Figures of a mature specimen 
of the latter species (pl. 66, fig. 8) and of an 
average specimen (pl. 66, fiz. 10) are illus- 
trated to demonstrate this point. The major 
portion of the ventral face in each species is 
covered by an anastomosing mass of shell 
material formed from the fused outer ends 
of the pillars, leaving small cavities which 
give this portion of the test a cribriform 
appearance. This feature is coarser on “L.” 
cushmani than on L. bermudezi. In both spe- 
cies also the chambers of the final whorl 
which surround the central boss are sepa- 
rated from each other by deeply defined sulci 
formed by the infolding of the lower cham- 
ber walls. In ‘‘L.’’ cushmani these sutures are 
slightly sinuous while on JL. bermudezi 
they are straight. More marked specific 
differences are found on the dorsal face. 
Cole (1942, p. 642) wrote of L. bermudezi, 
“perfectly preserved individuals have the 
dorsal side smooth and unornamented, 
except for a small apical boss... slightly 
weathered specimens exhibit... straight 
sutures which radiate from the apical boss to 
the periphery.’’ Well preserved, mature 
specimens of “L.”’ cushmani have thickened, 
limbate spiral sutures and less strongly 
defined interchamber sutures and a typical 


specimen has been figured (Applin and 


EXPLANATION OF PLATE 66 


Fics. 1-7 


‘‘Lockhartia’ cushmani Applin and Jordan. Lake City limestone, middle Eocene; X30. 
1, Axial section of allotype (USNM 560378) from Pioneer Oil Company’s #1 Hecksher- 


Yarnell, Polk County, Florida, depth 1,550—-1,570 feet. 2, Axial section of allotype (USNM 
560379) from the Dundee Petroleum Company's ‘Bushnell well,’’ Sumter County, Florida, 
depth 1,067 feet. 3, Axial section of allotype (USNM 560380) from ‘Bushnell well,” depth 
1,067 feet. 4, Axial section of allotype (USNM 560384) from #1 Hecksher-Yarnell, depth 
1,550—1,570 feet. 5, Axial section of allotype (USN M 560381) from “Bushnell well,” depth 
1,067 feet. 6, Exterior ventral view of heautotype (USNM 560382) from ‘Bushnell well,” 
depth 1,067 feet. 7, Sliced axial section of allotype (USNM 560383 from ‘Bushnell well,” 


depth 1,078 feet. 


8—-10—Lockhartia bermudezi Cole. 8, Ventral view of specimen, X25, selected by Dorothy Kk. Pal- 
mer from Pinar del Rio Provence, Cuba. 9, 10, Dorsal and ventral views respectively, X30, 
from sample given to the authors by Donald W. Gravell, Auer Sta. A-47, Rio Nanares, 1200 


meters N. 55° E. 


of Kilometer 9, on Luis Lazo Road, Pinar del Rio Provence, Cuba. 
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Jordan, 1945, pl. 21, fig. 5a). An unaltered 
specimen of L. bermudeszi that gives a clear 
view of the chamber arrangement is illus- 
trated here (pl. 66, fig. 9). Chambers of L. 
hermudezi are More numerous; Cole (1942, p. 
642) records 26 to 32, whereas the average 
for “L.”” cushmantz is 14 to 16. The pillars in 
L. bermudezi are also more abundant and 
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new species, the type specimen of E. leonen- 
sis was compared with types and paratypes 
of all similar species. Essential features of 
the two forms as given in the original de- 
scription of each are presented in table 2. 


Miscellanea nassauensis 
Cole (1947, pp. 5-14) placed the species 


TABLE 2..-COMPARATIVE FEATURES El phidium rota ELLIs witH E. 


—_————— = ——— 


Elphidium rota Ellis 
JE ei EAE 
“Chambers very 
ous, 20 or more”’ 


numer- 


Elphidium leonensis Applin and Jordan 





“Chambers 14 to 16” 


“Periphery rounded” 
“Sutures flush”’ 

“Umbilical region with a 
prominent = projecting 
knob” 

“Aperture, a row of small, 
circular openings at the 
base of the apertural face.” 


“Periphery narrowly rounded” 

“Sutures slightly depressed”’ 

“Umbilical region flattened or slightly concave, covered by a 
group of small nodes which often merge <o form a low boss.” 


“Aperture, a small narrow opening at the base of the semi- 
elliptical apertural face.”’ 


Authors’ note.—The aperture is probably broken into smaller 
units by the retral processes common to this genus, but this 
character was not visible on the specimens studied, most of 








more regular in shape than on “L.”’ cushmani 
and generally extend continuously from the 
ventral surface to the base of the embryonic 
chambers. 

Lockhartia bermudezi Cole (1942, pp. 
640-642) was described from beds in the 
Pinar del Rio Provence of Cuba mapped as 
the Habana formation by Vermunt (1937). 
Cole evidently believed that this species 
was Cretaceous in age. Operculina (Sulco- 
perculina) vermunti (Thiadens) was associ- 
ated with it in our Cuban material. The 
species of Lockhartia discussed by Davies 
(1932, p. 407) are assigned to the Paleo- 
cene and lower Eocene. ‘‘Lockhartia’’ 
cushmani is an abundant and diagnostic 
fossil in beds of middle Eocene age as they 
are expressed in the subsurface of peninsular 
Florida. 


Elphidium leonensis 


Cole (1947, p. 5), without written expla- 
nation, placed Elphidium leonensis (Applin 
and Jordan) in the synonymy of £. rota 
Ellis (1939). Before being described as a 


which were highly calcitized. 


Miscellanea nassauensis Applin and Jordan 
in the genus Nonion. Although no discussion 
of this action is presented here, we call 
attention to the fact that, at the time the 
species was described, a large suite of speci- 
mens was studied by the writers. Sections 
were made and studied by them and by Dr. 
T. Wayland Vaughan (office notation dated 
September 9, 1944) who classified both the 
species and the variety as Miscellanea. At 
the present time we are still in agreement 
with Dr. Vaughan regarding the generic 
determination of this species. It is of inter- 
est that Dr. D. W. Gravell found Miscellanea 
nassauensis at the type locality of MM. 
bermudezi (Palmer) in Cuba. 
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THE RANGE CHART AS AN AID IN FORAMINIFERAL 
CORRELATION! 


J. G. BURSCH 
Phillips Oil Company, Caracas, Venezuela 





AsstrRAct—Criteria for recognition of horizons of marked faunal change and their 
relative significance in stratigraphy are discussed. It is contended that particular 
associations of criteria may provide reliable markers where a single criterion cannot 
be depended upon. The usefulness of a range chart is believed to depend largely on 
the type of arrangement chosen. This choice appears to demand regard for the 
nature of the sedimentary sequence under consideration, the objectives of the tabu- 
lation, the kind of collecting done, and the speed with which the study must be 
done. Various arrangements are suggested; possible uses and their limitations are 


discussed. 





INTRODUCTION 


F correlation by Foraminifera between 
I two sedimentary sequences is attempted, 
it is often useful to tabulate the distribution 
of the various species in the sections. The 
resulting table is known as a range chart, 
check list, or distribution chart. The com- 
pilation of the chart follows the identifica- 
tion of the Foraminifera and precedes the 
establishment of distinctive biostratigraphic 
horizons and zones. The relations existing 
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ZONATION .& 
CORRELATION 


Final biostratigraphic step 














Fic. /—Relations between primary and final 
steps in biostratigraphic correlation. 


between the various steps in this procedure 
which result in biostratigraphic correlation 
are shown in figure 1. The construction of a 
range chart is not considered by the writer 

1 Permission to publish this paper has been 
granted by the Executive Committee of the 


Phillips Petroleum Company, Bartlesville, Okla- 
homa, to which acknow ledgment i is made. 


to be mere technical routine, but as the first 
biostratigraphic step of the procedure which 
follows stratigraphic recording and paleo- 
biological identification of the samples and 
immediately precedes the final biostrati- 
graphic steps of zonation and correlation. 
Range charts are used to tabulate the stra- 
tigraphic distribution of fossil species or 
genera in local surface and subsurface sec- 
tions as well as in entire regions. 

The construction and use of range charts 
have been discussed by several authors. 
Cushman (1948, p. 37) treated the subject 
in some detail. Schenck and Adams (1943, 
p. 569) distinguished three types of arrange- 
ment of the microfossils on range charts, 
viz., alphabetic, biologic and stratigraphic. 
Glaessner (1945, p. 217) briefly discussed 
these types and their relative values for 
stratigraphic correlation. R. C. Moore 
(1948, p. 324), finding the paleontological 
literature ‘‘replete with ill-recorded and 
poorly organized paleontological informa- 
tion,’’ considered improved organization 
and recording of data as one of the require- 
ments for advance in stratigraphical paleon- 
tology : 

specially in need of improvement are 
faunal tables which undertake to summarize data 
on the composition and distribution of fossils by 
horizon and locality. Most of us paleontologists 
have done a poor job of selling our wares. We do 
not give adequate attention to interpreting and 
explaining our data. The meaning of faunal sum- 
maries presented in tabular form may have 
great importance, but generally this meaning is 
effectively concealed by the manner in which the 
table is organized. Study of ways in which sig- 
nificant data are made apparent at a glance 
seems urgently needed. 
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STRATIGRAPHIC CORRELATION 


Three types of stratigraphic correlation 
are usually distinguished on the basis of 
paleogeographic boundaries: local, regional 
and interregional. Range charts are most 
commonly applied to local and regional 
correlation. This probably is because the 
methods used in local and regional correla- 
tions are different from those of interregional 
correlation and because the applicability of 
a range chart tends to increase as more 
detail in stratigraphic correlation is re- 
quired. 

Two types of stratigraphic correlation 
may be distinguished on the basis of the 
depositional history of sediments: correla- 
tion between equivalent sedimentary facies 
and correlation between contemporaneously 
deposited sediments. For either type, a 
range chart may be advantageous whether 
the correlation is of local or regional char- 
acter. 

Paleontologic examination of two or more 
sections in a particular area may reveal 
corresponding vertical faunal changes. The 
dependability of correlation increases with 
the number of corresponding horizons of 
marked faunal change. This number, in turn, 
generally increases with the number of cri- 
teria used for the recognition of the faunal 
changes. The criteria most applicable for 
stratigraphic purposes are: 

a) vertical distribution of species, 

b) vertical changes in abundance of indi- 
vidual species, 

c) vertical changes in the average size of 
individual species. 

Other criteria also may be useful as, for 
example, vertical differences in the preserva- 
tion of the fossils. This alone may not be 
important, but if it is considered in combina- 
tion with others, it may emphasize distinc- 
tions. 

In general, the distinctiveness of horizons 
of marked faunal change increases with: 

a) number of species simultaneously 
affected, 

b) number of criteria considered, 

c) decrease of interval at which samples 
are taken, 

d) intensity of faunal changes. 

Range limits are likely to be more dis- 
tinctive for an abundantly occurring species 
than for those which occur less commonly. 
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RANGE CHARTS 


Although a range chart is usually con- 
structed to tabulate the vertical distribution 
of fossils in a particular sedimentary se- 
quence, it is evident that the chart may be- 
come more useful if as many other changes 
as possible are recorded. Besides the vertical 
distribution of species, the criterion most 
readily noted and most often useful for zona- 
tion is the frequency of each species. This 
may be indicated easily by lines whose 
widths correspond to relative abundance. 
This method is believed to be preferable to 
others in common use such as letters, num- 
bers, or graphic symbols to represent rela- 
tive frequency because it produces a clearer 
optical effect, is less arbitrary, and requires 
less interpretation. Such lines are quickly 
plotted if the chart is constructed on cross- 
section paper. 

Other criteria which are occasionally 
applicable include significant changes in 
the average size of the species and distinc- 
tive differences in preservation. The first of 
these is illustrated by figure 1 of Lalicker’s 
recent paper (1948) on dwarfed protozoan 
faunas of the Anahuac formation in the 
Gulf Coast area of Texas. There specimens 
of Heterostegina texana Gravell and Hanna, 
found where the top zone of the formation 
is sandstone, are large forms of normal size, 
whereas specimens from the overlying shale 
some distance downdip are very small and 
apparently dwarfed. Great caution, however, 
must be exercised in the interpretation of 
such differences. Apparently dwarfed fossil 
assemblages may be thanatocoenoses (death 
assemblages) which do not accurately 
reflect the local biocoenoses (living assem- 
blages). The possibility of sorting as to size 
and form, affecting the inorganic and the 
organic components of the sediments during 
their deposition, should not be overlooked. 
If distinctive differences in the average size 
of species seem stratigraphically correlative, 
checks on the type of fossil preservation and 
the lithology of the associated inorganic 
components of the rock should be made. 

Certain microfossils always occur in a 
particular state of preservation in the 
unwashed sediment or (as a result of par- 
ticular washing techniques) in the residue 
of the sample. Other microfossils show a par- 
ticular type of preservation only within the 
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confines of restricted geographic and strati- 
graphic ranges. Wicher (1942, p. 57) ob- 
served that a particular type of preserva- 
tion of Globigerina appears to characterize 
certain zones in the Cretaceous of north- 
western Germany. Here the microscopist 
must note the presence of this genus if the 
boundary between the upper and lower Ap- 
tian is to be determined. The preservation of 
Globigerina is quite variable and these fossils 
are not always readily detected in the wash 
residues. They may be preserved as internal 
molds which are easily identified. In some 
samples, however, molds are absent and only 
the internal chamber cavities can be seen in 
the flaky rock particles of the residues. This 
type of preservation appears to be charac- 
teristic for the upper part of the lower 
Aptian in northwestern Germany. 

The application of a single criterion, for 
example, abrupt changes in the abundance 
of a particular species, may not always be 
reliable, but a detailed study may reveal 
other features which in combination are 
significant. If a single criterion seems to 
mark a particular horizon, the finding of 
others greatly increases its stratigraphic 
dependability. 

Two groups of fossils must be considered 
in the recognition of a faunal horizon: 
those which vary in vertical distribution, 
abundance, or otherwise, and those which 
do not. 

In general, the greater the number of the 
first type and the smaller the number of the 
latter, the more distinct the horizon 
appears. This relative distinctiveness of a 
horizon does not depend entirely upon 
these numbers, but is also dependent upon 
the arrangement of the range chart. The 
most striking effect will be achieved if the 
variable species are as closely grouped as 
possible, and if they are separated from 
those which do not vary. Obviously, the 
arrangement to be adopted depends upon 
the character of the faunal change and it 
may be made partly or entirely independent 
of alphabetic, taxonomic, or other arrange- 
ments. The prepared arrangement should 
not favor the visual distinctiveness of a 
single horizon only, but should be the one 
that most clearly brings out all changes in 
the stratigraphic section for which the range 
chart is constructed. It may be useful to 





construct two or more differently arranged 
charts for different parts of the same sec- 
tion. 


ARRANGEMENTS 


General—The most common arrange- 
ments of species in range charts are alpha- 
betic, taxonomic, and stratigraphic, The 
alphabetic and taxonomic arrangements, 
which are independent of the stratigraphic 
succession, represent a paleobiological ap- 
proach to biostratigraphy. These give no 
indication of environmental association. A 
stratigraphic arrangement, on the other 
hand, is entirely different because it ig- 
nores all taxonomic and phylogenetic rela- 
tions, but stresses time relations and may 
reveal environmental relations as well. All 
of these arrangements are useful and choice 
between them may depend on the type of 
sedimentary sequences under consideration, 
the time available for study, and the type of 
correlation that is desired. 

Arrangements Independent of Stratigraphy. 
—TIn an alphabetic arrangement, the species, 
subspecies, and varieties are grouped under 
their respective genera. This facilitates the 
tracing of phylogenetic trends, and evolu- 
tionary changes can usually be traced in 
thick sedimentary accumulations of uni- 
form lithofacies. 

A taxonomic arrangement still further 
favors the tracing of phylogenetic lineages. 
As Glaessner (1945, p. 217) has pointed out, 
it may, to some extent, reveal the ecologic 
character of a fauna because species and 
genera belonging to families which are eco- 
logic markers are grouped together. 

The pattern resulting from all alphabetic 
and taxonomic arrangements, however, is a 
sort of ‘“‘scattergram”’ which is of little value 
in the interpretation of biofacies differences 
which may be of great stratigraphic sig- 
nificance, because such differences usually 
are not readily apparent. Improvement in 
this respect can be achieved by separating 
all ecologically significant groups such as 
planktonic, brackish-water, or other forms 
which reflect particular environmental con- 
ditions at the time of deposition, from the 
remainder of the fauna as was recommended 
by Glaessner. 

Conclusions regarding paleoecologic con- 
ditions, however, always should be evalu- 
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ated with caution. The preserved faunal 
record is usually an incomplete reflection of 
a thanatocoenosis because of the chemical 
and mechanical processes that were effective 
both before and after burial. A thanato- 
coenosis, in turn, generally differs consider- 
ably from its corresponding biocoenosis 
because of the differences in the life spans 
of species, mechanical sorting, etc. Conse- 
quently, similar fossil faunas do not neces- 
sarily indicate similar ecologic conditions, 
particularly if the lithofacies are different. 
Also, similar ecologic conditions did not 
necessarily result in similar fossil faunas 
even if they existed simultaneously in the 
same sedimentary basin. 

The economic paleontologist is not pri- 
marily concerned with the interpretation of 
paleoecologic conditions. His task is to 
apply the fossil record to stratigraphic cor- 
relation and he does not always have to 
proceed beyond the recognition of the cor- 
relative usefulness of paleontologic evidence. 
Changes in fossil faunas are useful even if 
changes in the corresponding biocoenoses 
and thanatocoenoses are not known. Since 
misinterpretations can be made, however, it 
is advantageous to obtain as complete un- 
derstanding of paleobiologic conditions as 
possible. 

It is obvious that sedimentary sequences 
interrupted by nondeposition, unconformi- 
ties and faults, and comprising consider- 
able and recurrent biofacies changes, do not 
provide an adequate basis for the study of 
phylogenetic trends. In his paper discussing 
the use of Foraminifera in zonal paleon- 
tology, Adams (1940, p. 669) noted that 
ideal sections for zoning on a detailed mor- 
phologic basis are located well away from 
the edge of the basin of deposition where 
facies differentiation is at a minimum. If, on 
the other hand, several successive phylo- 
genetic stages of a particular form are known, 
the absence of one or more intermediate 
stages may indicate the presence of an un- 
conformity or a fault as Krumbein has 
pointed out (1942, p. 53). The study of 
phylogenetic trends in incomplete strati- 
graphic sequences and the construction of 
taxonomically arranged charts also may be 
useful of the presence of known phylogenetic 
lineages may be presumed. 

Stratigraphic Arrangements.—Stratigra- 
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phic types of arrangement are numerous, 
but all are related primarily to the vertical 
distribution of species and neglect taxonomic 
relationships. Consequently, they are most 
useful in the correlation of sections where 
tectonic and depositional irregularities and 
extreme facies changes do not favor zona- 
tion based upon evolutionary trends. For 
such sections a properly chosen stratigraphic 
arrangement usually results in a tabulation 
which facilitates the recognition of strati- 
graphically significant faunal zones although 
the meaning of faunal changes resulting 
from evolutionary and ecologic factors 
remains more or less concealed. 

Economic paleontologists frequently ar- 
range species in the order in which they are 
recorded in the samples. This arrangement 
facilitates zoning based on first occurrences 
(in either ascending or descending order). If 
applied to well sections, it has the advantage 
that construction of a chart need not wait 
until all the samples have been studied, 
and the upper part of the well section can be 
correlated while the well is being drilled. 
Also, the fossils from well cuttings handled 
in this way provide dependable horizon 
markers in spite of contamination by caving. 

The more a particular sedimentary se- 
quence indicates biofacies changes, the 
smaller is the chance that regular phylo- 
genetic changes could have developed locally 
during its deposition. Distinctive biofacies 
changes are reflected primarily by the verti- 
cal distribution of ecologically significant 
(bionomic) groups of fossils and by notable 
changes in the frequency of their species. 
Consequently, the recognition of significant 
zones is facilitated if the species which be- 
long to different bionomic groups are associ- 
ated on the range chart separately from the 
remainder of the fauna. An arrangement of 
species which emphasizes first appearances 
as well as biofacies changes may be achieved 
by a combination method which possesses 
some of the advantages of both types of 
arrangement. If previous studies of similar 
sections make it possible to estimate the 
number of species to be expected in each 
ecological group, appropriate spaces can 
be reserved for these, and the chart can be 
started as soon as the first well samples 
have been examined. 

The presence of any particular species is 
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ess likely to be overlooked than its ab- 
gnce and the first appearance of a species 
‘a a well section is more significant than its 
last appearance because contamination by 
caving is likely to have occurred. If, how- 
ever, samples are not contaminated or were 
obtained from outcrops it is often useful to 


TABLE 1.— CLASSIFICATION OF RANGE CHARTS SHOWING THEIR ADVANTAGES AND APPLICATIONS 


clearly if the species are grouped according 
to their first appearances and to their dis- 
tribution through one, two, or more stages. 

The applicabilities and advantages of the 
various arrangements more commonly used 
in economic paleontology are shown in 
table 1. 





STRATIGRAPHIC 









































| ARRANGEMENTS INDEPENDENT OF 
STRATIGRAPHY ARRANGEMENTS 
Combined Combined | ; 
Alphabetic Taxonomic Ecologic- =" | O First 
Order Order Taxonomic — eae 
Order Occurrence Order 
Order 

Types of sedi- | Usually most favorably applicable to uninter- | Applicable to any kind of sedi- 
mentary series | rupted sedimentary sequence without major | mentary sequence 
to which each | facies changes 
arrangement — 
may be applied 
Major advan- Facilitates Facilitates Discloses biofacies changes | Facilitates 
tage of arrange- | Comparison tracing of | recording of 
ments with other phylogenetic first occur- 

charts trends rences 
Secondary ad- | Facilitates Discloses eco- | Facilitates Facilitates | Useful if sam- 
vantage of each | tracing of | logic charac- | tracing of recording of | ples are con- 
arrangement phylogenetic ter of fauna phylogenetic first appear- taminated by 

trends within trends ances caving 

genera | 
Time at which | Construction only possible after the generic | For well sections: construction 
chart may be | identification of the fossils from the entire sec- | possible before identification of 
constructed tion is completed fossils from the entire section is 

completed 











construct charts showing total stratigraphic 
range. In order to bring out all relations 
most clearly it may be advantageous to 
prepare two charts with the species arranged 
differently. Both would be prepared by the 
same method, but the fossils would be 
plotted in descending order on one and in 
ascending order on the other. If a particu- 
lar section is selected as a standard, several 
differently constructed range charts may be 
compiled in order to bring out all possible 
facts of stratigraphic significance. 

Another useful stratigraphic arrangement 
has been pointed out by R. C. Moore (1948) 
who demonstrated that a range chart of the 
Miocene Foraminifera of California shows 
the character of the various faunas most 


CONCLUSIONS 


1) Range charts are useful for the follow- 
ing purposes: 
A) To reveal faunal changes of possi- 
ble stratigraphic significance. 
B) To arrive at a better interpretation 
of the depositional history of a par- 
ticular section. 
C) To present biostratigraphic data 
most intelligibly and practically to 
geologists who are not specialists in 
paleontology. 

2) A range chart serves its purpose best 
if it makes significant facts clearly apparent. : 
Its quality tends to increase with its strati- 
graphic applicability. For this reason, 
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faunal changes of possible stratigraphic 
significance should be made effectively 
recognizable, and other data should not be 
allowed to obscure them. 

3) Failure to recognize a faunal horizon 
of stratigraphic significance need not result 
necessarily from its relative indistinctness 
nor from the inabilities of the paleontologist. 
It may be hidden in a mass of extraneous 
data inefficiently handled. 

4) Speed in handling and studying ma- 
terial, often necessary in the operations of a 
commercial laboratory, should never be 
allowed to become a directing factor in the 
choice of methods of study. Urgency should 
merely limit the scope of possibilities of 
such choice. 
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INTRODUCTION TO A METHOD FOR DETERMINING THE 
PHYSICAL CHARACTERS OF FOSSIL ENVIRONMENTS! 


CESARE EMILIANI 
University of Chicago 


ApstRAcTt—The concepts of total mean, total standard deviation and total variability 
of a thanatocoenosis are introduced. A method for determining the nature of a 
fossil environment by comparing the coefficients of total variability of living and 
fossil organisms is presented and illustrated by data derived from the smaller Fora- 
minifera. A new unit of measure, the decamicron (Dy), is introduced. 


THE THEORY 


ny biotic process is affected by environ- 
mental conditions. Changes in these 
conditions are commonly closely accom- 
panied by changes in the characters of the 
organisms. The dispersion of values of these 
characters in an assemblage of individuals 
of a given species may, therefore, furnish 
the means for determining the environ- 
mental conditions. 

Information scattered through the litera- 
ture (see bibliography) shows that in such 
an assemblage the dispersion of values of 
any character is at a minimum under opti- 
mum conditions and increases if conditions 
deviate from the optimum. This dispersion 
may be conveniently expressed by means 
of the coefficient of variability. In the follow- 
ing, attention is restricted to dimensional 
characters, because they are particularly 
easy to observe and measure. 

The fact has been repeatedly emphasized 
that statistical analysis of dimensional 
characters must concern only a _ single 
growth stage. This is certainly true as far 
as living assemblages are concerned, but in 
the case of thanatocoenoses the total assem- 
blage of a given species, including the im- 
mature dead, may be advantageously con- 
sidered as a whole. 

It is convenient to define as total mean, 
total standard deviation and total variability 


'The writer is deeply indebted to Dr. J. 
Marvin Weller, Dr. H. Lowenstam and Dr. E. C. 
Olson of the Department of Geology of the Uni- 
versity of Chicago for most valuable contribu- 
tions and criticism. 


the mean, standard deviation and variabil- 
ity of a certain character presented by an 
assemblage of a given species. Under opti- 
mum conditions the total variability is 
smallest for the twofold reason that both 
the variability of each growth stage and the 
number of immature dead are at a mini- 
mum. Any deviation from the optimum is 
accompanied by an increase of the total 
variability, and if the relationship between 
total variability and environment is known 
from the study of modern thanatocoenoses, 
it should be possible to determine the more 
important factors influencing the environ- 
ment in which a fossil assemblage lived. 
Although environmental factors are gener- 
ally very numerous it is possible that those 
having importance in determining the total 
variability are few and different for different 
species and characters. The study of modern 
thanatocoenoses should show which are the 
determining factors in different cases and, 
therefore, which species or characters can be 
used in making paleoecological interpreta- 
tions. 

Use of the total variability makes statisti- 
cal analysis much easier, because the 
difficult and often uncertain selection of 
specimens of similar age is made unneces- 
sary and consequently the number of speci- 
mens available for study is greatly in- 
creased. 

The different forms of polymorphic or- 
ganisms must be carefully distinguished and 
considered separately if the distribution 
curve of the character under consideration 
shows multimodality. 
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APPLICATIONS 

This method of environmental analysis 
is probably applicable to a number of or- 
ganisms, both animal and vegetable. The 
applications, however, must be guided by 
certain criteria that may vary from group 
to group. Special attention is given here to 
the smaller Foraminifera. 

To obtain suitable data, specimens must 
be collected in such a way as to include all 
the growth stages that may occur in the 
thanatocoenoses. A sieve with very fine 
mesh, therefore, must be used for washing 
and the mesh must be kept constant in order 
to insure that data are comparable. A No. 
100 U. S. Standard sieve with square open- 
ings of 0.149 mm. is recommended. With 
this mesh, very early growth stages may be 
lost, but this is probably not important be- 
cause rapid development of the earliest 
stages makes the probability of their oc- 
currence very small. 

For statistical analysis, dimensional char- 
acters have been suggested. The principal 
of these are the greatest and smallest linear 
dimensions as well as their ratio. To express 
size, a new unit is introduced, the decami- 
cron, or 0.01 mm., with the symbol Du. 
Most size measurements of smaller For- 
aminifera will conveniently fall between 1 
and 100 on this sale. 

Statistical analysis must take into con- 
sideration each species or subspecies sepa- 
rately. Also macro- or microspheric forms 
of the same species or subspecies must be 
considered separately if a distribution 
curve shows bimodality. Finally, compari- 
sons must be restricted to populations 
derived from sediments of similar textures 
in order to avoid bias due to sorting by water 
movements. As a base for determining size 
ranges of sedimentary particles, the grade 
scale of Wentworth is suggested. 

Conclusions regarding the relative differ- 
ences of environmental conditions may be 
reached quite simply. For example, if pro- 
gressive decrease in the total variability of a 
cold water species accompanies progressive 
increase of the total variability of a warm 
water species either vertically in a strati- 
graphic section or horizontally in a strati- 
graphic zone, a gradient is clearly indicated 
and its direction shown. 

To pass from relative to absolute estima- 
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tions, a series of standards derived from 
modern thanatocoenoses must be available 
for comparison. These should be based on 
observations made at a number of stations 
sufficient to represent the entire distribution 
ranges of a number of common species, At 
each station the physical and chemical | 
characters of the sea water, the texture of | 
the bottom sediments and the total variabjj. 

ity of dimensional characters of each species 
should be determined. For each character of 
each species and form, data should be or. 
ganized in graphs showing the relationship 
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Fic. /—A basic graph showing possible relations 
of total variability, temperature and salinity. 
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between the total variability and the two 
most important factors affecting that char- 
acter. Even without systematic collections, 
whatever data is available can be plotted on 
the graphs. 

Let total variability of a given character 
be measured on the abscissa, temperature 
on the ordinate and salinity be indicated by 
a series of curves each representing a con- 
stant value. In a graph of this type (fig. 1) 
optimum conditions are represented by the 
point of minimum total variability. Any 
deviation from the optimum will shift total 
variability to the right. If temperature alone 
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changes, this shift will follow the salinity 
curve. If salinity alone changes, the shift 
will be horizontal across the salinity curves. 
if both change, the effect will be composite. 

Different graphs of this type are required 
for different types of sediments. For a single 
species, form and character, these are 
similar, but with increased grain size the 
salinity curves will be shifted in the direc- 
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than the graphic solution of a system of two 
equations with two unknowns and the oc- 
currence of a solution would demonstrate 
the reliability of the obtained data. 
Secondary factors, however, generally will 
not be constant and their variations will 
cause the total variability to be shifted 
somewhat to the right or to the left giving, 
therefore, somewhat different values of 
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Fic. 2—Basic graphs for two associated species and solution for specimens from an 
unknown environment. 


tion of lesser total variability because of the 
probable loss of smaller specimens through 
sorting. 

If basic graphs of this type are available 
for a number of common species and differ- 
ent types of sediments, it should be possible 
to determine the environmental conditions 
under which fossil faunas from similar 
sediments and containing some of those 
species lived. The total variability of the 
fossil species should be determined and 
vertical lines drawn on the basic graphs at 
the corresponding values (fig. 2). These 
graphs are then compared. In the present 
example, one or two continuous bands of 
values of ¢ occur for each value of the total 
variability, according to the different salin- 
ities. In a theoretical case in which sec- 
ondary factors are constant, only one point 
on the vertical lines, shown by stars in figure 
2, represents the same temperature and 
salinity and this gives the solution of the 
problem. This proceeding is nothing more 


temperature and salinity. The average of 
these values, however, should be close to 
the original temperature and salinity. Other 
physical factors, like depth, turbidity, 
chemical composition etc. can probably be 
determined using the proper species or 
characters. 

It may also be possible to trace environ- 
ments far back in geologic time where only 
extinct species are available. Data derived 
from fossil representatives of living species 
may be used to construct the basic graphs of 
associated extinct species, which in turn 
may be used for the basic graphs of more 
ancient species and so on, by a series of 
similar steps, as far back as overlapping 
continuities can be followed. 


LIMITATIONS 


The total variability is a complex func- 
tion of two factors, infant mortality and the 
variability of each growth stage. The latter, 
in turn, is a function of two factors, the 
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genetic and ecologic variabilities. In the 
present procedure, genetic variability, being 
independent of environment, is clearly a 
disturbing factor. it should be possible, 
however, to reduce or eliminate this dis- 
tortion by comparing a sufficiently large 
number of species and taking the average 
of the results. Genetic variability differently 
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however, is suggested by the numerical data 
presented in the accompanying table. 

The first set of species was collected from 
four outcrops of lower Oligocene shales jp 
the northern Apennines, Italy, over a dis. 
tance of about 60 km. The outcrops are ip. 
dicated by the letters A, B, C and D from 
southwest to northeast. They are not cop. 


TABLE OF STATISTICAL DATA 








P %F %A Form G.D. V 




















Species Loc. No. 
Cyclammina n. sp. A 5 <0.001 4.5 06.0 B 65.8+2.0 13.9444 
Cyclammina n. sp. B 25 ; 11.9 7.7 AB 55.6+1.1 16.0473 
Rhabdammina cylindrica Glaessner B 19 0.02 10.0 0.0 — 29.8+0.7 10.2+1,7 
Rhabdammina cylindrica Glaessner D 7 . 1.6 0.0 — 26.3+8.7 22.64+8.0 
Spiroplectammina n. sp. ¢ 13 <0.001 2:2 40-0 AB 67.6+1.7 10.442.1 
Spiroplectammina n. sp. D-— 23 : 43 0.0 5 50.9+2.6 24.84+3.7 
Eponides umbonata stellata Silv. C 16 <0.001 4.7 88.9 A 48.2+1.7 14.342.5 
Eponides umbonata stellata Silv. D 41 : 9.8 95.3 A 34.541.5 27.04+3.0 
Gyroidina n. sp. Cc 6 1.3 4, 9 A  30.741.9 28.948.3 
Gyroidina n. sp. c 6 <9 001 | las B 59.0+1.4 10.9+3.1 
Gyroidina n. sp. D 6 1.3 0.0 B 41.522.8 19.0255 
Bulimina elegans subspinosa Emil. E 100 <0.001 11.0 97.9 A 53.8+0.5 8.6+0.6 
Bulimina elegans subspinosa Emil. D _ 102 <0.001 13:0 89.5 A 417.740.6 12.9209 
Bulimina elegans subspinosa Emil. C 70 0.01 1.5 61.0 <A 42.9+0.7 14.4+1.2 
Bulimina elegans subspinosa Emil. A 51 ; 0.4 73.0 A 38.94+1.0 19.2+1.9 
Cassidulina laevigata d’Orb. E 48 0.01 88.6 100.0 A S.220.3 12.7413 
Cassidulina laevigata d’Orb. D 50 <0.00i 72.6 100.0 A 40.14+0.8 13.7+1.4 
Cassidulina laevigata d’Orb. c 50 0.3 ' 84.3 98.0 A 44.2+1.1 17.0+0.2 
Cassidulina laevigata d'Orb. A 48 = 35.2 96:0 A 43.4+1.1 18.0+2.0 
Elphidium fax Nicol N 200 <0.001 ~ — -— $63.011.2 16.6203 
Elphidium fax Nicol S 200 : — —_-_ — 29,821.2 19.7418 


| 





affects total variability in different species, 
so that introduced deviations should tend to 
eliminate each other. 

Bias may be introduced if infant mortality 
is abnormally increased by the activitiy of 
predatory organisms. Fossil faunas contain- 
ing, besides Foraminifera, indications of 
these organisms should, therefore, be re- 
jected. Also, pelagic species should be re- 
jected, as they may have been transported 
over long distances and deposited far from 
their original environments. 


EXAMPLES 


Lack of necessary data from modern 
faunas makes impossible a complete demon- 
stration of these methods. Their validity, 





nected and their relative stratigraphic posi- 
tions are not known. 

The second set is from the lower Pleisto- 
cene at a single locality near Bologna, north- 
ern Italy. The samples were taken at 
regular stratigraphic intervals of 25 meters 
and are indicated by the letters A, C, D and 
E from below upwards. Sample B is not in- 
cluded in the table because its foraminiferal 
fauna is too scanty for comparisons. 

Finally, data derived from Nicol’s work 
on Elphidium are presented. 

The localities are indicated in the first 
column. The second column shows the num- 
ber of specimens examined. This number is 
often small but, since no more specimens 
were available, these samples have been 
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considered and treated according to methods 
developed for the statistical analysis of small 
samples. The third column shows the values 
of P. The fourth column shows the per- 
centage frequency of the species in the en- 
tire local faunas. The percentage of macro- 
spheric forms, A, is shown in the fifth 
column. The sixth column indicates whether 
the following statistics were derived from 
macro- or microspheric forms, B, or both. 
The next column shows mean values in Du 
of the greatest linear dimensions, i.e., length 
or greatest diameter. For Rhabdammina 
cylindrica, which occurs only in fragments, 
the mean refers to the diameter of the tubes. 
The coefficients of total variability are 
shown in the last column. 

In all cases but one, which will be dis- 
cussed later, an increase of the mean is ac- 
companied by a decrease of the total vari- 
ability, and vice versa. This corresponds to 
what normally may be expected: increased 
mean and decreased variability indicate 
improvement in the environment. In eight 
cases out of ten, this improvement is also 
accompanied by an increase of the percent- 
age of macrospheric forms. 

Macro- and microspheric forms have not 
been distinguished in Cyclammina n. sp. and 
Spiroplectammina n. sp. because their 
greatest dimensions have the same range 
and no bimodality is shown by their dis- 
tribution curves. The necessity for dis- 
tinguishing macro- and microspheric forms 
is well exemplified by Gyroidina n. sp. In 
this species the total variability is much 
greater for the macrospheric than for the 
microspheric forms from the same locality. 

The series of observations on the lower 
Oligocene species shows that environmental 
conditions became gradually worse from 
southwest to northeast, because all species 
show an increase in total variability and a 
decrease in size in that direction. 

The series of observations on the lower 
Pleistocene species shows an improvement 
of environmental conditions from zone A 
to zone E for Bulimina elegans subspinosa 
and Cassidulina laevigata. Both show a 
steady decrease of the total variability which 
is accompanied by an increase of the per- 
centage frequency of these species in the 
faunas and the percentage of the macro- 
spheric forms. As far as size is concerned, 


however, Cassidulina laevigata presents an 
exception: from C to E decrease in total 
variability is accompanied by decrease 
rather than increase in size. This probably 
resulted from overcrowding and consequent 
intraspecific competition, as suggested by 
the exceptional increase of the percentage 
frequency, which reaches a very high value 
in the last sample. In consideration of the 
fact, not shown on the table, that 70 per 
cent of the species present in A, many of 
which are temperate forms, progressively 
disappear upward (Emiliani, 1949) and that 
Cassidulina laevigata is a cold water species, 
a change in environment accompanied by 
lowering of temperature is evident. 

The last example is based on data ob- 
tained from Nicol’s work on Elphidium 
from the west coast of the United States. 
Following the conclusions of Burma, the 
two forms, Elphidium fax fax and Elphidium 
fax pingue are considered as one species. In 
passing from Monterey Bay, Calif., north 
to the Straits of Juan de Fuca, Wash., the 
total variability of this species decreases 
and the mean of the greatest diameter in- 
creases, which indicates that this species was 
better fitted for the northern environment. 


CONCLUSIONS 


It has been shown that there is direct 
relationship between environmental condi- 
tions and total variability as defined here. 
The examples given suggest that the theory 
is correct and that the coefficient of total 
variability is a good index for the definition 
of environments. To pass from relative to 
absolute estimations, observations on mod- 
ern thanatocoenoses occurring under known 
conditions are needed. Although the For- 
aminifera have been used here as examples, 
the theory probably is applicable to a num- 
ber of different organisms, both animal or 
vegetable, marine or terrestrial. 
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STRATIGRAPHY: A FACTOR IN PALEONTOLOGIC 
TAXONOMY 


W. C. BELL 


University of Minnesota 


INTRODUCTION 

ost of the ideas presented here were 
M embodied in a memorandum circu- 
lated among Cambrian students in Feb- 
ruary, 1950. The generalizations stem from 
some familiarity with Cambrian biostratig- 
raphy, concern primarily Cambrian prob- 
lems, and relate only to vagrant and sessile 
benthos. They are an attempt by one of the 
younger paleontologists referred to by 
Jeletzky (1950, p. 21) to evaluate some of 
the widely taught and practiced ‘‘prin- 
ciples” or assumptions that presumably 
should guide his own work and teaching. As 
such they are an expression of personal 
convictions as they exist at the time of writ- 
ing and are being presented to my students 
and fellow workers. Whether anything here 
is entirely new I do not know. Surely the in- 
fluence of recent papers by Jeletzky (1950), 
Lowman (1949), Newell (1948), Weller 
(1947, 1949), and Wheeler and Beesley 
(1948) will be readily apparent even to the 
casual reader. But regardless of source, by 
virtue of personal acceptance, rejection, 
and interpretation, I claim what follows as 
my own; and because the current journals 
contain expressions of beliefs at variance 
with my own, it constitutes also a com- 
plaint. 


THE LAWS OF SUPERPOSITION AND 
FAUNAL SUCCESSION 

Because the laws of physics and chemistry 
have operated uniformly on a limited num- 
ber of relatively common minerals through- 
out geologic time, the consequence of 
weathering, erosion, and deposition has 
been to preserve at different times in the 
geologic column very similar gross lithic 
units, each of which was relatively restricted 
in its distribution. Accordingly at an early 
date it was recognized that identity of lithic 
type could not be relied upon as evidence of 
identity of age. However, logic did produce 
the generalization that in an undisturbed 


outcrop the lower sediments are older than 
those overlying them. Unfortunately, whey 
the generalization became sanctified as the 
Law of Superposition, it usually was e. 
pressed (and interpreted) as meaning thata 
lithic unit (i.e., formation) in its entirety 
is older than the one overlying it, and that 
the two possess non-overlapping time 
values. That concept has been demolished 
again and again, notably recently by McKee 
(1945) and Wheeler and Beesley (1948) in 
the Cambrian, but it persists in current 
journals as ‘‘Buckhorn time’”’ (Stokes, 1950, 
p. 93) and ‘‘Normanskill age’’ (Stose, 1950, 
p. 135). The conviction that every rock unit 
must possess ‘‘an age’’ pervades geologic 
literature, including that of today. 

When William Smith discovered that 
recognizably different faunal assemblages 
persisted laterally beyond the limits of 


homogeneous lithic units, and maintained 


(more or less) their vertical relationships, 
he fathered the Law of Faunal Succession 
and its offspring, Stratigraphy and time. 
stratigraphic nomenclature. The faunal zone 
was seized upon as the ‘‘time plane”’ of the 
geologic calendar, and Historical Geology 
was built around it. The ‘‘index fossil’’ reigns 
supreme as the indicator of time-span, and 
the lowly ‘‘facies fossil’? (a misnomer that 
creates a multitude of false impressions, not 
only among students) is shrugged off by too 
many paleontologists as being useful only 
when indicative of an atypical marine en- 


vironment. A geologist (or paleontologist?) — 


who rejects the concept of Potsdam time 
or Mesaverde time confidently speaks of 
Bathyuriscus time or Dikelocephalus time. 
Perhaps it is heresy to challenge the zonal 
concept, but I have the impression that the 
Law of Faunal Succession is subject to some 
of the same qualifications that must be ap- 
plied in practice to the Law of Superposi- 
tion. For the realities of ecology dictate that 
(a) different but contemporaneous environ- 
ments will incorporate within their sedi- 
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ments different but contemporaneous faunas 
(frequently mutually exclusive), (b) the 
migration of those environments will result 
in their sediments being disposed one above 
the other as a succession of strata, and (c) 
unless one restricts the life-spans of the 
species of a fauna to an instant in time, the 
consequence will be to produce a physical 
superposition of faunas (‘‘zones’’) that in 
their entirety are equivalent in age. 

There is, I think, no widely accepted be- 
lief in geology that so stultifies paleontologic 
interpretation as does the belief that suc- 
cessive faunal assemblages in a succession 
of rocks can be interpreted only as compris- 
ing species that succeed each other in time. 
They may be so interpreted, especially if 
they are separated by hiatuses, but within a 
succession of conformable sediments, partic- 
ularly if the sediments represent significantly 
different depositional environments, a more 
likely interpretation is that the vertically 
disposed (benthonic) ‘“‘species’’ actually are 
ecologically segregated subspecies. 

The thinnest (measured in inches) per- 
sistent reference ‘‘horizons’’ in the Upper 
Cambrian of central and western United 
States are the Jrvingella and superjacent 
Eoorthis coquinas. These coquinas are desig- 
nated as ‘‘zones’’ on the Cambrian Correla- 
tion Chart (Howell et al., 1944) which 
presumably implies the existence of Jrvin- 
gella ‘‘time’’ succeeded by Eoorthis ‘‘time.”’ 
Consequently one must visualize the epeiric 
seas populated exclusively by Jrvingella 
(and rare associates, including Ptycho- 
pleurites) and immediately thereafter ex- 
clusively by Eoorthis. I cannot. I can, how- 
ever, visualize an environment in a trans- 
gressing sea, lying geographically between 
those tolerated by the Elvinia and Conaspis 
faunas, inhabited by Jrvingella and Eoorthis 
(themselves almost mutually exclusive in 
their habitats). This interpretation readily 
accounts for the discontinuity of occur- 
rences of Irvingella and Eoorthis in some 
areas, and the physical mixture of the two 
in central Wisconsin and in Texas. 

Paleontologic literature contains many 
instances of the discovery, usually expressed 
with some surprise, that if a succession of 
strata is zoned faunally by members of more 
than one phylum or class, the respective 
“zones” frequently do not coincide. The 


common explanation is that evolution does 
not operate similarly among different animal 
groups, presumably meaning that the lapse 
of time produced changes in some animal 
types but not in others. This of course is 
true as far as it goes, but I suggest the pos- 
sibility of an explanation linked to the 
equally obvious fact that the distribution of 
different animal groups is controlled by 
different environmental conditions. The 
physical and chemical factors that charac- 
terize the depositional environment may or 
may not be the critical factors that control 
the distribution in that environment of even 
all types of sessile benthos. Parenthetically 
I venture the suspicion that the widespread 
Eden-Maysville ‘‘hiatus,’’ the physical evi- 
dence for which is so infrequently demon- 
strated, records the absence of a biotic en- 
vironment—not the absence of a deposi- 
tional record. 


PALEONTOLOGIC TAXONOMY 


Paleontology (in the sense of comparative 
anatomy) cannot elucidate details of re- 
gional stratigraphy, although it may suggest 
possible alternative interpretations; but de- 
tailed regional stratigraphy offers the only 
solution to problems of paleontologic tax- 
onomy. A logical corollary is that paleon- 
tologic taxonomy (especially at the genus- 
species level) should’ be consistent with 
stratigraphic conclusions. 

To me stratigraphy is the interpretation 
of spatial relationships among rock-forming 
environments of the past, relative to ap- 
proximate time-planes, and as such is in- 
distinguishable from paleoecology in the 
broadest sense. The distribution and evolu- 
tion of organisms are ultimately controlled 
by those environments, as are the distribu- 
tion and preservation of their fossil remains. 
Consequently the biologic relationships 
among fossil organisms can only be in- 
terpreted within a stratigraphic framework, 
just as relationships among living organisms 
(excepting genetic studies) can only be in- 
terpreted within an ecologic framework. 

Modern biology and genetics have made 
great contributions in the past few years to 
our understanding of the mechanics of evo- 
lution. Even more important, synthesis of 
that information has made available to the 
paleontologist certain generalizations that 
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are applicable to his work. These generaliza- 
tions do not provide answers to his problems, 
but they do provide possible and probable 
solutions (often multiple). In other words, 
they provide a framework within which he 
can draw reasonable conclusions, and ex- 
clude as impossible or highly improbable 
certain other conclusions. 

Unhappily, it seems to me that the neo- 
biological definition of a species, incorporat- 
ing as it does the element of reproductive 
isolation, causes many paleontologists to 
reject as inapplicable to their own problems 
much modern biologic work except in the 
fields of physical and chemical ecology and 
comparative anatomy. In so doing they 
operate without the controls imposed by an 
awareness of the variability of species, the 
unlikelihood of two species of the same genus 
inhabiting the same ecologic niche, the like- 
lihood that a species is comprised of 
geographically segregated subspecies, and so 
on. The consequence is that many (if not 
most) paleontologists utilize an approach 
to species discrimination that can be per- 
haps best expressed by a (supposedly) 
facetious definition given by one of my 
former professors: ‘“‘A species is something 
described by somebody so somebody else 
can recognize it.’’ This is a statement with- 
out biologic significance, and provides the 
student with no meaningful yardstick by 
which either to evaluate or contribute to 
paleontologic taxonomy. The unfortunate 
fact that some of the most outstanding ad- 
herants to that approach fail even to demon- 
strate recognizable differences between in- 
dividual type specimens is only further 
demonstration of its complete barrenness. 

Taxonomy of any kind, contrary to those 
who seem to regard it as an end in itself, 
should be merely a convenient way of ex- 
pressing a conclusion. Paleontologic tax- 
onomy expresses a conclusion with two 
facets: similarity and difference. At the 
genus and species level the terrific prolifera- 
tion of new names in recent years implies a 
primary concern with differences. Those 
differences, at their best, are differences be- 
tween populations of organisms, based on 
the comparative anatomy of preserved hard 
parts. Fortunately modern taxonomy and 
genetics have substantiated the working 
hypothesis upon which all paleontologists 
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must operate: that morphologic differences 
are usually an expression of genetic differ. 
ences. However, there exists no guide to ap 
evaluation of those differences in terms of 
taxonomy so long as we concern ourselye; 
with the fossil remains alone. By this I mean 
that a conclusion that a morphologic differ. 
ence is of specific rank, for instance, cap 
only be subjectively derived; and if baseq 
only on comparative anatomy, the subjec. 
tive conclusion can never be anything but 
intuitive. If, however, the taxonomist has 
reached conclusions as to the dispersal ip 
time and space of the morphologically dis. 
tinguishable populations, he has a guide by 
which he can estimate genetic affinity— 
which he can express in his taxonomy. 

All of us should be aware that Linnaean 
classification is based on a pre-Darwinian 
catastrophic concept of relationships among 
organisms, and therefore is incapable of ex- 
pressing the neo-Darwinian pattern of 
evolution. Some writers have seized upon 
this as an excuse to argue about “hor- 
zontal’’ versus ‘‘vertical’’ classification, and 
to emphasize that species (and other taxo- 
nomic units) possess no identity when the 
time factor is introduced, being merely 
arbitrary segments of a continuum that has 


no beginning except in the original cell, or | 


end except in extinction. This is quite true, 
but to the practicing paleontologist it is 
largely irrelevant. The factors of earth 
history, preservation, collector’s luck, ete. 
present to the paleontologist a small seg- 
ment or a few segments of a continuum; he 


usually has greater trouble recognizing the | 


segments of a continuum than he has ar- 
bitrarily subdividing one of them. 

The paleontologist has, then, as his sole 
biologic data, what he hopes are representa- 
tive samples of populations that at the time 
they lived belonged to species as defined by 
the neobiologist. If two of his samples are 
morphologically distinguishable he is con- 
fronted by the necessity of expressing a con- 
clusion as to their genetic relationship by 
means of binomial, trinomial, or quadn- 
nomial taxonomy based on the Linnaean 


system. He is at once faced by the fact that | 


the same degree of morphologic difference 
could have arisen in two (or more) ways: 
(a) the two populations are contemporane- 
ous, and have originated by dichotomy in 
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the past of a common ancestral species; or 
(b) the two populations succeed each other 
in time, and one is in the ancestral line of 
the other. Comparative anatomy can never 
solve this dilemma, but a knowledge of the 
disposition of the populations in time and 
space can suggest probabilities. And that 
knowledge can come only from physical 
stratigraphy that is sufficiently detailed to 
delineate the spatial relationships of the 
rock units from which the samples came, 
and allow a conclusion as to the mobility of 
the sedimentary environments that pro- 
duced the rock units. 

The stratigraphic framework must have 
some regional scope, for a vertical relation- 
ship of two samples in a rock section does not 
favor one of the two alternatives over the other. 
Populations laterally distributed and iso- 
lated by environmental controls may be- 
come vertically disposed in a given section 
by the migration of their environments, and 
the conclusion that such is or is not the case 
must be derived from a reconstruction of 
rock relationships and not from compara- 
tive anatomy. No paleontologist can have 
any but an intuitive opinion as to whether 
wide and narrow fixed cheeks on a trilobite 
were contemporaneous or derived one from 
the other (and in which direction) unless he 
has first reached a conclusion as to the re- 
lationship in time of the two trilobites—and 
no amount of “‘objective’’ statistical treat- 
ment of the specimens can produce that 
conclusion. If taxonomy is to express a 
genetic conclusion, it must express and be 
derived from the original stratigraphic con- 
clusion. 

Therefore I return to the thought ex- 
pressed in the first sentence of this section, 
and conclude that the logical approach to 
paleontologic taxonomy is to regard it as a 
method of expressing stratigraphic (time 
and geographic) relationships among or- 
ganisms. 

Let me illustrate what I mean by con- 
sidering the Upper Cambrian Cedaria and 
Crepicephalus faunas, which contain a num- 
ber of genera in common. Traditionally 
these faunas have been regarded as zones 
that succeed each other in time, and this 
time-difference is highlighted by a taxonomy 
that discriminates different species in the 
two faunas. Unhappily there has been also 


a strong tendency to discriminate different 
species from different areas within each of 
the two faunas, thus equally emphasizing 
differences both vertically and horizontally, 
and allowing the taxonomy to obscure the 
current belief that differences are pre- 
ponderant vertically whereas similarities 
are preponderant horizontally. A liberal use 
of subspecies (and subgenus) taxonomy 
within each of the faunas would reflect the 
present interpretation of lateral similarity 
within each of the faunas (and would cer- 
tainly be in closer accord with present day 
conditions), although the degree of morpho- 
logic differences within each genus seems 
to be more or less equally distributed in both 
directions. : 
Suppose now, for sake of comparison, 
that the two faunas were environmentally 
controlled, that one followed the other in a 
transgressing sea, and that therefore they 
were in their entirety contemporaneous in 
age. The distribution of fossils would be the 
same in either case, and the choice of in- 
terpretation would have to be derived from 
regional stratigraphic studies. (So far as I 
know there is almost no support for this 
interpretation as regards the Cedaria and 
Crepicephalus faunas; on the other hand, I 
know of little concrete evidence that rules 
it out as a possibility. I am intrigued, how- 
ever, that a “‘lower’’ Dresbachian species 
of the brachiopod Dicellomus is associated 
in Montana with the Cedaria fauna, and an 
“upper” Dresbachian species with the 
Crepicephalus fauna; whereas in Missouri it 
is the “‘upper’’ Dresbachian species that oc- 
curs in the Cedaria fauna.) The paleontolo- 
gist must now name the same fossils, simi- 
larly distributed, as before. A liberal atti- 
tude toward variability would allow him to 
recognize the same species in both faunas 
and discriminate different subspecies in 
each; thus the taxonomy would reflect his 
belief that the faunas were contemporane- 
ous, but isolated by environmen<al controls; 
and again his taxonomy would express and 
be derived from a stratigraphic conclusion. 
So far as I know G. O. Raasch, in his sub- 
zonation of the Crepicephalus and Conaspis 
zones in Wisconsin, is the only Cambrian 
paleontologist whose taxonomy reflects his 
stratigraphic conclusions. I may not neces- 
sarily agree with those conclusions, but from 
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his taxonomy I know what they are, and I 
whole-heartedly subscribe to the practice. 

The obvious objection to such a procedure 
as that outlined above is that taxonomy 
would reflect a’ conclusion that is itself 
largely subjective—and that was subject to 
change. That is true, but is what we’ve got 
any less subjective? Is there any guiding 
principle in the application of taxonomy 
other than the battie-cry that distinguish- 
able morphologic differences (all too fre- 
quently based on single specimens or single 
collections instead of on _ representative 
samples of populations) constitute specific 
differences? At present our taxonomy at the 
species (and generic) level expresses little 
except what apparently is a mad desire to 
create new names, and to emphasize that 
individuals are not alike. I find myself 
agreeing with Weller and Jeletzky that we 
are alienating field geologists and physical 
stratigraphers, both in the profession and 
at the student level, by our insistence that 
organisms are much more different than 
they are alike. Faunal lists have lost their 
usefulness, for one must see the specimens 
to be impressed by likenesses even at the 
generic level. 


CONCLUSION 


My remarks relating to the likelihood that 
certain superimposed faunal zones may be in 
fact partly contemporaneous are, of course, 
highly theoretical. I recognize the diffi- 
culties inherent in demonstrating such a 
situation in the absence of independently 
derived age determinations—with which 
nuclear physics may soon provide us. How- 
ever, I find that certain faunal paradoxes 
resolve themselves when interpreted in 
terms of ecologic rather than temporal 
isolation, and consequently I present the 
concept as a useful additional working 
hypothesis. 

I do, however, feel strongly on the subject 
of a realistic approach to paleontologic 
taxonomy. Much supposedly laudable ‘‘fine 
discrimination of species’’ stems from a 
process of forming a tight morphologic con- 
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cept around a few hallowed type specimens 
and excluding from that concept morpho. 
logically different specimens regardless of 
their distribution in time and space. This jg 
intuitive paleontology of the rankest sort, 
and puts the cart before the horse. Species 
concepts should be derived from the dis. 
persal in time and space of the specimens 
under consideration; physical association as 
an index of specific affinity is a more usefy| 
rule of thumb than is a millimeter scale. The 
last, least important, and most exasperating 
job is the decision as to what name shall be 
applied to the concept in accordance with 
the Rules of Zoological Nomenélature. 
Many statements and almost universal 
practice to the contrary notwithstanding, 
the species concept is not to be compared 
with type specimens; the types are to be 
compared with the concept for the sole 
purpose of selecting a name. 
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PALEONTOLOGICAL NOTES 


COMMENT ON PROPOSAL TO SUBSTITUTE PROSOPON FOR ORNAMENT 


C. W. WRIGHT 
London, England 





In a recent note Gill (Jour. Paleontology, 
vol. 23, p. 572) stated that the term orna- 
ment as used in the description of fossil 
organisms was biologically erroneous and 
should therefore be abandoned. Many terms 
used commonly in science are misleading if 
interpreted strictly according to their every- 
day use but need not be abandoned on that 
account. Everyone knows what is meant 
by ornament in natural science and it is very 
unlikely that anyone would take seriously 


in a scientific context the contrast between 
ornament and function, unless there was 
evidence that the point was under discus- 
sion. 

Apart from this, however, the alternative 
term suggested by Gill is objectionable since 
it is the name of a genus of Brachyura. Con- 
fusion would result from its use in such a 
context as “the prosopon of Prosopon is 
tubercular.” 


SWEETLAND CREEK (DEVONIAN) CONODONTS 
LEO A. THOMAS 


Iowa State College, Ames, lowa 





The conodonts from the Sweetland Creek 
beds of Iowa were described by Miller and 
Youngquist. These authors (Miller and 
Youngquist, 1947, p. 502; Youngquist and 
Miller, 1948, p. 440) intimate that their 
collections did not contain any representa- 
tives of Icriodus or any congeneric form, 
although Branson and Mehl (1938, p. 158) 
had noted its abundance in these beds. 
Iowa State College micropaleontological 
collections indicate that this genus is pres- 
ent in the Sweetland Creek formation. 

The formation as defined by Udden 
(1899) consists of three units, an upper and 
lower gray to green shale, and a medial 
porous fine-grained dolomite. Each of the 
shale units contains abundant conodonts, 
but there are noteworthy differences be- 
tween the upper shale and lower shale as- 
semblages. The most readily apparent 
difference is the abundance of the genus 
Icriodus in the lower shale, and its very 
rare occurrence in the upper one. Other 
differences are apparent from a_ species 
analysis. 


Youngquist’s attention was called to the 
difference of our findings. He informed me 
that the described assemblage was obtained 
from the upper shale unit only. He was also 
aware of the presence of Jcriodus in the 
lower shale and thought the lower as- 
semblage similar to one described by him 
(1947) from near North Liberty, Iowa. 

Because the conodonts from only the 
upper unit have been described, the follow- 
ing genera and species, recovered from the 
lower shale, are to be added to the Sweet- 
land Creek conodont assemblage. 
Ancyrodella lobata Branson and Mehl 
Ancyrodella sp. 

Ancyrognathus curvata Branson and Mehl 
Ancyrognathus sp. ; 
Ancyroides uddeni Miller and Youngquist | 
Bryantodus flabellatus Miller and Youngquist 
Bryantodus masculus Youngquist and Miller 
Diplododella sp. 

Euprioniodina sp. 

Hibbardella sp. 

Icriodus curvatus Branson and Mehl 
Icriodus nodosus Branson and Mehl 


Hindeodella sp. 
Ligonodina delicata Branson and Mehl 
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Ligonodina robusta Branson and Mehl 
Lonchodina bilateralis Ulrich and Bassler 
Lonchodina distans Huddle 
Nothognathella bicristata Youngquist and Miller 
Nothognathella inopinatus (Stauffer) 
Nothognathella (Falcodus) sp. 
Nothognathella sp. 
Ozarkodina falcatus (Stauffer) 

zarkodina sp. 
Palmatolepis permarginata Stauffer 
Palmatolepis subrecta Miller and Youngquist 
Polygnathus normalis Miller and Youngquist 
Prioniodus alatus Hinde 
Prioniodus obtusus Branson and Mehl 
Trichonodella sp. 
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TRENDS IN RESEARCH AND THE JOURNAL OF PALEONTOLOGY 


GEORGE GAYLORD SIMPSON 
The American Museum of Natural History and Columbia University 





It is the opinion of some paleontologists 
that there has been some change in the scope 
and emphasis of paleontological research in 
recent years. Descriptive morphology and 
systematics are necessarily predominant 
subjects in this observational science and 
decrease of interest in this basic activity is 
unlikely. It might, however, be expected 
that even primarily descriptive work would 
tend to broaden, to emphasize increasingly 
the bearing of the fossils described on their 
geological and biological settings. There 
has recently been some agitation over the 
question whether a paleontologist is a geolo- 
gist, a biologist, both, or neither. It might be 
supposed that this betokens some sort of 
trend for paleontological research to con- 
centrate less exclusively on routine descrip- 
tion and nomenclature and perhaps to give 
more attention to such subjects as ecology, 
functional and broadly comparative mor- 
phology, evolutionary processes, or, in 
general, studies involving a wider scope, 
either in geology or in biology, and more 
’ concern with theory and principles. 

In the hope of obtaining some data on 


these supposed or possible recent trends, | 
recently made a check of the general sorts 
of research represented by principal papers 
(other than purely nomenclatural notes and 
other brief marginalia) in the 1939 and 1949 
volumes of the Journal of Paleontology. 
Papers apparently making a really signif- 
cant contribution of more than one sort 
were divided proportionally. Classification 
is partly subjective and occasionally some- 
what arbitrary, but should reveal any trends 
The results were as follows: 


1939 1949 


Descriptive morphology and _ syste- 

matics 414 42} 
All others 16% 17} 
Break-down of “‘all others’: 


Mainly geological (total) 93 6} 
Stratigraphy, correlation 82 6 
Sedimentation, preservation 1 j 

Mainly biological (total) 4} 4 
Principles of systematics 14 2 
Phylogeny 1 2 
Functional morphology 1 0 
Evolutionary theory 1 0 

Methodology and bibliography 23 6 
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These figures certainly reveal no trend 
away from straight descriptive studies, nor 
do they show any apparent increased atten- 
tion to the more theoretical or to either the 
more biological or geological aspects of the 
science. The differences between the con- 
tents of the two volumes are so slight as to 
suggest that no change in the emphasis and 
general nature of the contents of this Jour- 
nal has occurred. Is this lack of change true 
of paleontological research as a whole or 
only of the work published in this Journal? 


If true of the science as a whole, does this 
betoken desirable stability and maturity of 
research programs or does it indicate lack of 
progress and undesirably narrow, routine, 
and unimaginative approaches to research? 
If a real change in scope and orientation of 
research has occurred outside of the work 
published in this Journal, where is this re- 
flected and is the conservative nature of this 
publication medium desirable or undesir- 
able? 


POSSIBLE PHYLOGENETIC RELATIONSHIPS OF SOME EARLY 
EUBLASTOIDS 


IRVING G. REIMANN 
Ann Arbor, Michigan 





Through the courtesy of Dr. G. Arthur 
Cooper, I have had an opportunity to exam- 
ine fifteen specimens of Codaster pulchellus 
Miller and Dyer, from the Middle Silurian 
Waldron shale of Waldron and Hartsville, 
Indiana, and eleven specimens of Codaster 
lorae Dunbar from several exposures of the 
Lower Devonian Birdsong shale of western 
Tennessee. Dr. Carl O. Dunbar kindly 
lent me the types of C. lorae. 

Codaster pulchellus and C. lorae are re- 
ferred here to the genus Pleuroschisma 
Reimann 1945. 

Since my 1945 paper I have examined 
specimens of several European species of 
Phaenoschisma Etheridge and Carpenter 
1882, and some American specimens from 
the Lake Valley formation of New Mexico. 
Undivided posterior deltoids confined to 
the summit are characteristic of the Car- 
boniferous species, which include the geno- 
type of Phaenoschisma. The Devonian 
species referred by Etheridge and Carpenter 
to Phaenoschisma possess a divided poste- 
rior deltoid visible on the side of the theca, 
and belong to the genus Pleuroschisma. In 
Phaenoschisma the anal opening lies between 
deltoid and radials, and in Pleuroschisma it 
passes between the hypodeltoid and the 
epideltoid. P. pulchellus and P. lorae have 
a strongly convex summit, depressed am- 
bulacra, high deltoid crests, partially ex- 
posed hydrospire slits, fen hydrospire groups 


and a divided posterior deltoid, all diag- 
nostic features of Pleuroschisma. The hypo- 
deltoid is absent in most fossil specimens 
and the “anus” appears as a huge kite- 
shaped opening, bounded aborally by the 
tips of the subjacent radials. Very rarely 
the hypodeltoid is retained and the anus 
assumes a normal size, opens toward the 
summit and is bounded by the hypodeltoid 
and the epideltoid. In these species the 
hypodeltoid was obviously a loosely articu- 
lated plate, possibly valvular in function. 

Its articulation was more efficient in 
Troosticrinus and Pentremitidea, on speci- 
mens of which it is more frequently retained 
than not. 

I have also seen, in the National Museum 
collection, five specimens of Codaster pentalo- 
bus Hall. This species from the Waldron 
shale is not a Codaster. It is essentially 
similar to Pleuroschisma pulchellus in its 
observable generic characters. A large gap- 
ing kite-shaped ‘‘anus’’ is apparent on the 
four specimens from Waldron, Indiana. 
However, a specimen from Newsom, Ten- 
nessee, retains the hypodeltoid. I cannot 
determine the presence or absence of hydro- 
spire slits in the anal interradius of any of 
the available specimens. It seems safe, 
nevertheless, to tentatively refer this spe- 
cies to Pleuroschisma. 

These Silurian species of Pleuroschisma 
fulfill the requirements for potential ances- 
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tors of Codaster, Cryptoschisma, and 
Brachyschisma. Codaster, with its reduced 
eight hydrospire groups and lack of a hypo- 
deltoid, is, contrary to Bather (1900, p. 91), 
a satisfactory ancestor only for other 
Codasteridae (or perhaps Zygocrinidae). 
These codasterid features are results of 
specialization. The Devonian genera Pen- 
tremitidea, Schizotremites, and Eleuthero- 
crinus, with ten hydrospire groups, a di- 
vided posterior deltoid, and covered hydro- 
spire slits, appear to be derived-directly or 
indirectly from Troosticrinus. The Middle 
Devonian genus Brachyschisma with nine 
exposed hydrospire groups, large deltoids 
and a divided posterior deltoid, and distally 
disposed ambulacra, may be intermediate 
between the Silurian types of Pleuroschisma 
and the Pennsylvanian and Permian Para- 
codaster as well as the Permian Diptero- 
blastidae and Angioblastidae. 

The available evidence shows that Troos- 
licrinus, a spiraculate genus, was a contem- 
porary of the early species of Pleuroschisma. 
The latter, however, with very little modifi- 
cation could become a Troosticrinus. It is 
my present belief that Tyroosticrinus may 
have originated from Pleuroschisma early 
in the Middle Silurian, or before. Lack of 
evidence to the contrary leads me to con- 
sider that a compound posterior deltoid, 
confinement of the exposed portion of the 
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other deltoids to the summit, and ten 
exposed hydrospire groups are primitive 
features of the Eublastoidea. 

That the line leading to the Devonian 
genus Nucleocrinus also originated in the 
Silurian is indicated by a genus to be de. 
scribed soon from the Henryhouse shale of 
Oklahoma. It hasan accessory plate on either 
side of the hypodeltoid, an arrangement 
which is suitable for development into the 
large tripartite posterior deltoid area of 
Nucleocrinus. 
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SUGGESTED SUBSTITUTES FOR THE TERMS “‘LUNULE” AND 
“ESCUTCHEON” IN PELECYPODA 
HENRY DODGE 
Scarsdale, New York 





Various writers on the Pelecypoda, the 
most recent being Grant and Gale in the 
“Catalogue of the marine Pliocene and 
Pleistocene Mollusca of California,’”’ (1931, 
p. 315), have called attention to the fact 
that the terms ‘‘Iunule’’ and “‘escutcheon,”’ 
applied to the depressed areas of the dorsal 
margin of many bivalves, found respec- 
tively in front of and behind the beaks, are 
“highly non-descriptive of these features. In 
the case of one of them, at least, we are using 


a word which could much better be applied 
to the other. 

The “‘lunule,’’ as we use the term, is a 
definitely heart- or shield-shaped area in 
front of the heaks, usually clearly depressed 
or circumscribed. Its length is not, ordi- 
narily, much greater than its breadth. The 
word “escutcheon’’ would be exactly de- 
scriptive of it. ‘‘Lunule’’ is much less apt, 
and indeed it is difficult to understand how 
it came into use. 
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The ‘‘escutcheon,”’ on the other hand, as 
the word is used today to describe the com- 
panion area behind the beaks, is, where 
present and well-defined, a much more 
elongated feature and is no in sense shield- 
or heart- or escutcheon-shaped. ‘Lunule”’ 
could, by the exercise of considerable imagi- 
nation, be applied to it, as the portion on 
each valve of the shell might be said to be 
vaguely shaped like a crescent- or quarter- 
moon. The word “‘lunule’’ is, however, 
hardly applicable to either area in question. 

I know that most students of mollusks 
have realized the inaptness of both words 
as they are applied today, and I feel sure 
that they have been the cause of what 
appear to be frequent errors in description. 
One solution would be to transpose their 
application. This would cure the inaccuracy 
so far as concerns the use of ‘‘escutcheon,”’ 
but would preserve the undesirable term 
“junule.”” Moreover, the retention of both, 
although with reversed meanings, would be 
confusing, in that the reader of a new de- 
scription could not be sure whether the 
author was using them in the old or new 


sense. The resurrection of the words em- 
ployed by Linnaeus and some of his immedi- 
ate followers who wrote Latin descriptions, 
—‘anus” and “vulva’’—is not recom- 
mended. They are not sufficiently descrip- 
tive, and are, moreover, too mammalian 
in connotation to be properly used for inver- 
tebrates. 

The matter seems to be sufficiently im- 
portant to justify us in discarding both 
terms, and in selecting more illustrative 
substitutes. I suggest “‘sigilla’’ (a seal) for 
the area in front of the beaks for which we 
now use “lunule,’’ and ‘‘vallis’’ (a valley) 
for the area on the posterior slope of the 
dorsal margin, for which “escutcheon”’ is 
now used. It is realized that, even if most 
conchologists should approve of the change 
to these or other possibly better substitutes, 
its adoption would be slow, but in the long 
run it would make for clarity and accuracy. 
The importance, in paleontology, of the 
family Veneridae, in which these features 
are usually present, would alone seem to be 
a reason for the change. 
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TYPES OF PULLENIA DUPLICATA STAINFORTH 


R. M. SI 


“AINFORTH 


International Petroleum Company, Talara, Peru 


Dr. E. S. Salmon, of the Department of 
Micropaleontology of the American Museum 
of Natural History, has kindly drawn at- 
tention to the fact that, by introduction of a 
new name to replace the invalid Pullenia 
compressiuscula Reuss, a new species was 
erected without formal description and 
designation of type specimens. This note is 
issued to rectify the situation. 


PULLENIA DUPLICATA Stainforth 


Pullenia duplicata STAINFORTH, 1949, Jour. Pal- 
eontology, vol. 23, p. 436. 
Synonymy.—See type reference. 
Co-types.—Here designated as two of the 
specimens figured as ‘‘P. compressiuscula”’ 


by Cushman and Todd (1943, Cushman 
Lab. Foram. Res., Contr., vol. 19, pl. 2 
figs. 11, 12). These are from the Oligocene 
Septarian clay of Pietzpuhl, Germany, and 
Miss Ruth Todd has kindly provided the 
information that they are preserved in slide 
no. 39064 of the Cushman Collection. 

Type description.—As given by Cushman 
and Todd (1943) for “Pullenia compres. 
siuscula” (op. cit., p. 12 and figs. 11, 12), 
Note that this description differs in several 
respects from that given by the same 
authors for P. guinqueloba (op. cit., p. 11), 
although the name compressiuscula was in- 
troduced by Reuss as a substitute synonym 
for the prior name guinqueloba. 


MONOCYATHUS BEDFORD VERSUS ARCHAEOLYNTHUS TAYLOR 


VLADIMIR 


J. OKULITCH 


University of British Columbia, Vancouver 


In 1910, T. Griffith Taylor published a 
monograph on the Archaeocyathinae from 
the Cambrian of South Australia. In Part 3 
of this work he described several new genera 
and species and suggested a classification 
for these. Part 4 consists of a detailed de- 
scription of the Cambrian reef limestone, a 
discussion of the chemical and microscopic 
character of the skeletons of the fossils, and 
a hypothetical discussion of the affinities of 
the Archaeocyathinae. On page 157 (and 
illustrated in figure 41 and plate V at E, K 
and N) Taylor mentioned ‘“Olynthus-like 
organisms’ and suggested a_ provisional 
name Archaeolynthus for them. Quite ob- 
viously he did not intend to institute 
Archaeolynthus as a new genus, as otherwise 
a generic description would have been in- 
cluded in part 3 of the monograph. No 
formal description of the organism was 
given, nor was any species assigned to the 
‘provisional genus.” 


In 1934 R. and W. R. Bedford (Memoirs 
of the Kyancutta Museum, no. 1, p. 2, pl. 1, 
figs. 1 and 2) described similar forms as 
Monocyathus porosus and M. irregularis and 
included them in the new family Mono- 
cyathidae. Complete specific descriptions 
were given for both species. Several new 
species were added by these authors in 1936. 

In 1935 and 1943 Okulitch accepted and 
used the terms Monocyathus and Mono- 
cyathidae in his classification of the Pleo- 
spongea. Both the Bedfords and Okulitch 
were fully aware of the term Archaeolynthus 
introduced by Taylor in 1910, but regarded 
it as being used merely to denote a form 
which may have been ancestral or related 
to the Pleospongea, and not as a formally 
established generic name. 

However, in 1939, Wilhelm Simon (Abh. 
senckenberg. naturf. Ges., 448, Frankfurt 
a M., pp. 16, 21) declared Monocyathus in- 
valid and a synonym of Archaeolynthus. He 
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further, apparently without examination of 
actual material, included the well estab- 
lished and very distinctive genera Rhab- 
docnema and Ventriculocyathus in the genus 
Archaeolynthus. I can not accept Simon’s 
conclusions for the following reasons: 1) 
Taylor gave no formal description of the 
genus, 2) he had no species described and 
no species assigned as genoholotype, 3) 
he obviously did not intend a chance re- 
mark about Archaeolynthus to be taken as 
establishing a new genus, and 4) he did not 
regard his “Olynthus-like organism” as a 
member of the Archaeocyathinae, a group 
he was at that time describing. To quote 
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Taylor: ‘I suggest the provisional name 
Archaeolynthus for convenience of reference, 
but I was unable to detect spicular structure 
in the wall, and it requires further investiga- 
tion.”’ 

As regards Rhabdocnema Okulitch, 1937 
(Rhabdocyathus sibiricus Von Toll, 1899) 
this genus differs from Monocyathus in pos- 
sessing pore-canals or tubes instead of pores 
piercing the wall. This, in my opinion, is a 
valid generic difference. Ventriculocyathus 
Vologdin is a double-walled ‘regular pleo- 
sponge and resembles Monocyathus only in 
its lower immature part, as do all the 
Archaeocyathia. 


PLURALICYATHUS, NEW NAME FOR POLYCYATHUS VOLOGDIN, 
1928 NOT DUNCAN, 1876 


VLADIMIR J. OKULITCH 
University of British Columbia, Vancouver 





The generic name Polycyathus was pro- 
posed by Vologdin (1928) for a genus of 
pleosponges. The same name was later used 
by Vologdin (1940). 

Dr. Wilhelm Simon (1939) pointed out 
that the name Polycyathus was preoccupied 
by Duncan in 1876 for a genus of Hexa- 
coralla but he did not propose a substitute 
name nor, to my knowledge, was this neces- 
sary correction made by Dr. Vologdin. 

Since it is important to have the nomen- 
clature as nearly correct as possible for the 
forthcoming Treatise on Invertebrate Pale- 
ontology, I hereby propose the new name 
Pluralicyathus to take the place of Poly- 
cyathus. 

The following species were listed by 
Vologdin (1940): P. obrutschevi Vologdin, 
1928, designated as genotype, and P. 
heterovallum Vologdin, 1928. 

It should also be noted that Simon (1939) 
regarded Pluralicyathus (Polycyathus) to be 





cogeneric with Archaeocyathellus. To this I 
cannot agree, as the two genera are different 
not only in the general shape and indicated 
means of reproduction, but also in the de- 
tails of the pores of their outer walls. Use of 
the term Archaeocyathellus by Simon is also 
erroneous, a result of gross oversimplifica- 
tion and lack of understanding of the 
variety and complexity of pleospongean 
structures. 
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A PITFALL OF PALEONTOLOGIC “LATIN” 


ROBERT C. VAN BELLEN 
Aleppo, Syria 





Stainforth (1949) has given reasons for 
considering the gender of Cibicides to be 
masculine and proposed corresponding 
changes in the gender endings of names in- 
troduced by certain authors. His conclusion 
was based on the fact that the Greek suffix 
-ides indicates a masculine gender. 

Article 3 of the International Rules of 
Zoological Nomenclature states, ‘‘The sci- 
entific names of animals must be words 
which are either Latin or Latinized, or con- 
sidered and treated as such in case they are 
not of classical origin.’’ Although Cibicides 
may be of Greek origin its use as a zoological 
name must follow Latin rather than Greek 
rules of grammar. This seems to be of minor 
importance in connection with this name 
because most authors, including the present 
one, have recognized its masculine gender, 
possibly because Montfort used the term 
“le cibicide.”’ 

Mr. Stainforth has extended the influence 
of the gender of the genus not only to 
specific but also to varietal names, and valid 
objection to this practice is possible. 

The ‘‘variety’’, so common in paleontol- 
ogy, is not recognized in the International 
Rules, and Schenk and McMasters (1948, 
p. 27) do not include it in their list of Latin 
terms and abbreviations. The paleontologi- 
cal ‘‘variety’’ may correspond (Newell, 
1948) either to a true (zoologic or generic) 
variety, or toa subspecies (which is provided 


for in the Rules), but commonly it is impos. 
sible to determine which status is intended. 
According to Article 17 a subspecific name 
immediately follows the specific name 
“without the interposition of any mark of 
punctuation.”’ A variety is indicated by the 
insertion of the abbreviation ‘‘var.”’ in this 
position and, according to the strict de. 
mands of grammar, the word for which it 
stands determines the gender of the succeed. 
ing adjective. 

The abbreviation ‘“‘var.”’ probably stand: 
for either varietas or varians. The former isa 
feminine Latin substantive (-as, -aus, -x and 
-is are feminine endings). The latter seems 
to be a present participle used as a sub. 
stantive and such words correspond in 
gender to their related nouns. In either case, 
‘“‘var.’’ stands for a feminine substantive 
and the following varietal adjective should 
also bear a feminine suffix. 

Consequently it is proper for a varietal 
name to be feminine even though it is at- 
tached to masculine or neuter generic and 
specific names. 


‘ 
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COMMENTS ON “A PITFALL OF PALEONTOLOGIC ‘LATIN’ ” 


R. M. STAINFORTH 
International Petroleum Company, Talara, Peru 





Dr. van Bellen kindly sent me a copy of 
his note on paleontological ‘‘Latin’’ and its 
pitfalls, with the suggestion that I might 
care to make some comments on it. The 
main point raised is that in Dr. van Bellen’s 
opinion any varietal name should be ex- 


pressed in a feminine form, to agree in 
gender with the feminine substantive 
varietas. This is a commonly held opinion 
although, as Dr. van Bellen points out, 
there seems to be no authoritative ruling on 
the matter. I am indebted to Dr. V. Petters 
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in Bogota, who wrote raising the same ques- 
tion, for the information that this opinion 
is upheld by Macfadyen and Kenny (in 
André, 1934). 

| prefer to make the varietal name agree 
in gender with the generic substantive for 
two main reasons, viz: 

(1) The insertion of ‘‘var.”’ is in practice 
optional and especially in faunal lists it is 
commonly dropped: e.g., Cibicides concen- 
tricus var. texana may by custom be written 
Cibicides concentricus texana. What now is 
the status of the varietal name? The obvious 
implication here is a generic substantive 
modified by two adjectives, which latter 
should both agree in gender with the noun, 
thus making Cibicides concentricus texanus 
the correct form. To claim that ‘‘var.’’ is 
omitted but understood invites the re- 
joinder that so also is “‘sp.,”’ also the ab- 
breviation of a feminine substantive; hence 
on this basis Cibicides concentrica texana 
would be the correct form. It seems to me 
objectionable that the need to juggle with 
-a, -us, and -um should depend on one’s 
personal whim as to the inclusion or omis- 
sion of ‘‘var.’’ The objection would be re- 
moved by a convention that both specific 
and varietal names should agree in gender 
with the generic substantive. 

(2) Although a variety is not formally 
recognized in taxonomy its status is very 
close to that of a subspecies and it is almost 
splitting hairs to claim a distinction, e.g., 
that a subspecies is a geographically or 
chronologically modified variant whereas a 
variety is a trivial variant of no proven 
genetic significance. Species and subspecies 
are self-evidently words of the same qual- 
ity, differing only in rank, and it would be 
illogical to apply different taxonomic treat- 
ments to them. It seems to be simply a 





matter of convention that in Linnean 
nomenclature the term ‘‘sp.”’ is usually 
omitted, whereas ‘‘subsp.’’ and its near- 
synonym “‘var.’’ are usually inserted. Dis- 
regarding this convention, the logical pro- 
cedure is to make specific and subspecific 
adjectives all agree in gender with the 
generic substantive, and if this be admitted, 
it seems to me an awkward pedantry to treat 
varietal names differently. 

A third possibility is raised in a letter 
from Major C. W. Wright in London. The 
suggestion is novel to me but pending some 
authoritative ruling on the status of vari- 
eties it seems to have good standing. It is 
that ‘‘var.’”’ should be read as “‘subspecies 
varietalis”’ as distinct from a geographic or 
chronologic subspecies. This idea has the 
considerable merit of giving ‘‘subsp.”’ and 
“var.” the same taxonomic rank while 
maintaining their slightly different mean- 
ings. 

Dr. van Bellen’s note and my response, 
although referring to a particular case, 
draw attention to the general lack of uni- 
formity in designation of varieties. The 
International Commission on Zoological 
Nomenclature could perform a useful service 
by attention to this lacuna in the existing 
Rules; it is possible that such action was 
taken at the Paris meeting of the Inter- 
national Zoological Congress, 1948 (see 
Hemming, 1949), but here in Peru I am 
out of touch with recent developments. 
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ILLEGITIMATE “CORRECTIONS” OF ORTHOGRAPHY 
OF GENERIC NAMES 
C. W. WRIGHT 


London, England 


It is regrettable that once more attempts 
should be made, in defiance of the Rules of 
Zoological Nomenclature, to “‘correct’’ the 
orthography of a name. 

Stoyanow (1949, p. 96, in footnote), in a 
recent paper, mentioned that the Cretace- 
ous ammonite genus Acanthohoplites Sinzow 
is nowadays usually written Acanthoplites, 
and that this is incorrect. It zs incorrect, but 
solely on the basis of Rule 19, that the 
original orthography of a name is to be used 
unless an error of transcription, a lapsus 
calami, or a typographical error is evident. 
Stoyanow’s contention that Acanthoplites 
is ‘‘ungrammatical”’ (presumably he means 
ety mologically incorrect) is irrelevant. It is 
also unfounded, for in the formation of 
compound names from the Greek the parts 
should be compounded as nearly as possible 
in the way the Greeks would have com- 
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pounded them. The stem of the Greek word 
acanthos is acantho- and it would be incorrect 
in classical Greek to compound this with 
‘oplites by retaining both vowels and 
separating them only by an aspirate. The 
correct Greek compound is Acanthoplites, 
with the o of acantho- disappearing by con. 
traction. 

Thus Acanthohoplites is etymologically 
wrong but nomenclatorially valid. Hypa- 
canthoplites Spath is etymologically right 
and nomenclatorially valid, and Stoyanow 
cannot ‘“‘correct’”’ it to Hypacanthohoblites 
(1949, as on pp. 95, 106). Stoyanow’s new 
genera Paracanthohoplites etc., are etymo- 
logically wrong but nomenclatorially valid, 
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NEW NAME FOR A TEXAS MIOCENE FORAMINIFER 


J. B. GARRETT, JR. 
Stanolind Oil and Gas Company, Houston, Texas 





Dr. Hans E. Thalmann has informed me 
that Planulina palmerae Garrett, 1942 
(Jour. Paleontology, vol. 16, p. 463, pl. 70, 
figs. 3, 4) is preoccupied by Planulina 
palmerae van Bellen, 1941, (Nederl. Akad. 


Wetensch. Proc., vol. 44, p. 1144, figs. 7-9). 

As suggested by Dr. Thalmann, I propose 
to substitute the new name Planulina 
palmerana. 


BRITTSOCERAS, A SYNONYM OF PORCELLIA 


A. K. MILLER 
State University of Iowa 


Dr. J. Brookes Knight of the U. S. Na- 
tional Museum has kindly called my at- 
tention to the fact that the generic name 
Brittsoceras recently proposed in a paper by 
Miller, Downs, and Youngquist (Jour. 
Paleontology, vol. 23, p. 603) is based on a 


gastropod (and not a cephalopod) and isa 
synonym of Porcellia Léveillé. The mistake, 
which is inexcusable, was made by me (and 
not by Downs and/or Youngquist), and | 
assume full responsibility for it. 
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REVIEWS 





Ist EINE UNVERANDERLICHE FORM DES 
Art-NAMENS MO6GLIcH? (IS AN UN- 
CHANGING FORM OF SPECIES NAMES 
PossIBLE?), by Rudolf Richter. Sencken- 
bergiana, vol. 25, 1942, pp. 340-356. 


This article, published in Germany during 
the war, has only recently come to the at- 
tention of American paleontologists. It is 
concerned, among other things, with the 
problem of determining the proper gender 
endings of specific names, and the ideas ex- 
pressed and the suggestions offered should 
be of exceptional interest to all persons who 
deal with zoologic names. All paleontolo- 
gists can benefit from a careful consideration 
of Richter’s factual information, examples 
and thoughtful presentation of a most per- 
plexing problem. Unfortunately, the orig- 
inal is in unusually difficult German and 
those who would be likely to benefit most 
will probably never read it. 

The following is much more than a review, 
an abstract, or a summary in the ordinary 
sense, but neither is it a translation, because 
the subject matter has been completely re- 
organized and considerably condensed. 
Some parts are, however, more or less close 
paraphrasings of the original and all of the 
examples cited are those used by Richter. It 
is based on a complete translation made for 
me by Dr. Hakon Wadell, and I am in- 
debted to Mr. Cesare Emiliani for guidance 
in matters of classical grammar. Unfor- 
tunately Richter made several grammatical 
mistakes and the more important of these 
are indicated below in footnotes. 


INTRODUCTION 


Uncertainties and errors concerning the 
proper gender endings of specific names re- 
sult in great confusion that is apparent 
throughout paleontologic literature. Few 
scientists outside of parts of western Europe 
have an adequate knowledge of the classical 
languages and the rules of grammar that are 
necessary for the proper handling of Latin 
scientific names. The resulting instability in 
nomenclature is inconvenient, undesirable 


and even dangerous. This situation is not 
likely to improve and some remedy is ur- 
gently needed. 


RULES FOR GENDER ENDINGS 


Article 14 of the International Rules of 
Zoological Nomenclature states that specific 
names are: 

‘‘fa) Adjectives, which must agree gram- 
matically with the generic name.”’ Latin has 
three genders and one must choose the 
proper ending to agree with the gender of 
the genus under consideration. 

‘“‘b) Substantives in the nominative in ap- 
position with the generic name,” and ‘“‘c) 
Substantives in the genitive.’’ One must dis- 
tinguish substantives from adjectives be- 
cause the ending of a substantive so used is 
unchangeable. 

Neither the choosing of the proper ad- 
jectival ending nor the distinguishing of sub- 
stantives from adjectives is easy, even for 
one who is well versed in the classics, as 
some of the following examples make ap- 
parent. Many cases exist where no clear-cut 
decision is possible. 


GENERIC GENDER 


Almost everyone is familiar with the 
common Latin gender endings -us or -er, -a 
and -um, and where one of these is present 
it is generally possible to determine the 
gender of the genus correctly. Judgment on 
this basis, however, is not invariable. Greek 
endings not changed to conform with Latin 
usage are retained in many generic names, 
but these are much less familiar to paleon- 
tologists and they likewise are subject to 
many exceptions. In addition, some generic 
names carry other endings, mostly, but not 
all, derived from the classics; others have 
endings that have been altered from the 
classical originals and still others are of non- 
classical derivation. 

Many mistakes have been made in the 
genders of specific adjectives because: 

(1) The apparent gender of a genus has 
been ignored as in Onchonotus (m.) ovoidea 
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(f.), Metagraulos (m.) nanum (n.), Lioparia 
(f) expansus (m.) etc.! 

(2) Much more commonly the proper 
gender of a genus has been mistaken as in 
names ending in -crus or -us (n.) from the 
Greek for ‘‘ear’’ or in -nesus (f.) the Greek 
for ‘‘island’’; neuter names ending in -croma, 
-derma, -desma, -nema, -pona; names ending 
in -as, considered to be neuter as in all newer 
American species of Paedeumias; neuter 
names ending in -e, regarded as feminine, 
for example those ending in -care and -rete; 
and names ending in -aspis which are femi- 
nine but often mistaken for masculine; 
names ending in -oz may be masculine 
(Endymion), feminine (Prion)? or neuter 
(Otarion). 

A peculiarity of some languages, and par- 
ticularly of Greek, introduces still further 
uncertainties. Many nouns, such as those for 
“foot,”’ “horn,”’ ‘‘wind,”’ or ‘‘word,’’ when 
combined with another word may become 
adjectives. For example, the Greek words 
for ‘“swift’’ and ‘‘foot’’ may combine in 
identical form to producd the noun “‘swift- 
foot’ or the adjective ‘“‘swiftfooted.”” A 
generic name so formed might be the noun 
or it might be considered a noun that had 
been derived from the related adjective. In 
the latter case it might be of any gender and 
if the ending is not certainly distinctive, the 
proper gender would be doubtful. Conse- 
quently, a genus such as //ydrocephalus or 
Apus could, in spite of its -uvs ending, be 
either masculine or feminine. This method 
of name formation has probably never been 
purposely employed for genera, but it is 
mentioned here because of its possible bear- 
ing on a suggestion to be presented later. 

The gender of a genus, not otherwise de- 
terminable, may be established by its orig- 
inator by associating with it a distinctive 
gender indicating adjectival specific name, 
usually one ending in -us or -er, -a, -um. 
Otherwise the gender remains doubtful, but 
it might be logical to accept the gender in- 
dicated by the first subsequent author who 


ae 


1 These and other examples are taken from re- 
cent publications, issued between 1935 and 1940. 
Metagraulos, a substantivized adjective, might 
be either masculine or feminine. 

2 This name from the Greek word for ‘“‘saw’”’ or 
“sawyer” is masculine. 
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associated with it such a specific name: 
Generic names ending in -cola, -dromus, -dux, 
-ceps and many others are of this type. 

Uncertainty of derivation of some generic 
names carries with it uncertainties regarding 
their genders, while knowledge of derivation 
may determine that names of similar ending 
are unquestionably of different genders. For 
example, a name ending in -ops derived from 
the Greek word for ‘‘voice’’ must be femi- 
nine, but another derived from the Greek 
word for ‘“‘face’’* must be masculine. Re. 
cause of their derivation, all genera of trilo- 
bites, amphibians and reptiles ending in -ops 
are masculine.‘ 

Names ending in -opsis have been par. 
ticularly subject to confusion. This ending 
comes from the Greek noun meaning “ap. 
pearance” which is feminine, and conse. 
quently all names of this type are properly 
feminine.® The opinion has prevailed widely, 
however, that this ending has no effect on 
the gender of the name which is determined 
by the remaining part of the word. For ex- 
ample, Primitiopsis, meaning the ‘‘image of 
a Primitia (f.),”’ has been treated as feminine, 
which is correct. J/laenopsis, derived from 
Illaenus (m.), on the other hand, has been 
considered masculine, which is wrong.® 

Many generic names ending in -ides, 
-ites, -etes, -antes, -ontes etc. have caused dif- 
ficulties.” Chonetes in earlier times was con- 
sidered feminine but recently it has generally 
been treated as masculine, but this is dis- 
puted, and many changes in the endings of 
the specific names have been made. Greek 
adjectives ending in -es include several 
different groups of words and Professor E. 
Wolff has recommended that, in conformity 
with the primacy of the masculine gender, 
all names of this type be treated as though 
they are masculine. This recommendation is 
extended to names ending in -zdes, from the 
Greek word ‘“‘form’’ which is neuter. 


Meaningless arbitrarily formed names 


’ This suggestion was not made by Richter. 

‘My dictionary indicates the gender to be 
feminine. 

® Words of this type are adjectives and generic 
names ending in -opsis might be either masculine 
or feminine. 

8 This also may be correct. 

7 These names are substantivized adjectives 
and might have any gender. 
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may be invented for genera and the gender 
of such a name may be any the original 
author chooses; Koraipsis may be a name 
of this type. Richter suggests that this might 
be an error for Koreaspsis but because a 
mistake is not certainly evident the original 
spelling must be accepted. With names of 
this type analogy may suggest a particular 
gender but cannot be conclusive. 


SPECIFIC NAMES 


Many errors in the endings of specific 
names have resulted because generic genders 
were ignored or mistaken. There are, how- 
ever, other sources of similar errors. 

Probably the most prolific is failure to 
distinguish specific substantives from spe- 
cific adjectives and treatment of the former 
as if they were the latter. The ending of a 
specific substantive is unalterable and these 
words need not conform in gender with the 
associated genus. These errors are common 
in connection with appositional nouns in the 
nominative case, but much rarer with pos- 
sessive nouns in the genitive (b and c of 
Art. 14 of the Rules). 

If the specific name is a common Latin 
word anyone knowing its meaning should 
have little trouble distinguishing a noun 
from an adjective. Thus the names Cerato- 
pyge forficula (small scissors), Corynexochus 
plumula (little feather), Lyriaspis sigillum 
(seal), and Cheirurus vinculum (ribbon) are 
correct and the last specific name remains 
unchanged when it is transferred to the new 
genus Lehua. The unfortunately common 
names typus, typa, spinus, spina, etc. are 
nouns and a pair of these similar names 
might stand within a single genus without 
technical homonymity. Change from one of 
these gender endings to the other is not per- 
missible nor can they be changed to the 
neuter forms typum or spinum.*® 

Many mistakes have been made because 
of ignorance of the meanings of specific 
names and the similar appearance of nouns 
and adjectives. Signifer may be either a 
noun or adjective. In Calmonta signifer the 
difference in gender shows that it is a noun 
in apposition to the generic name. In an- 


*The adjectival forms of these names are 
typicus or typicalis and spiniferis. 


other genus it might be used as an adjective 
and if that genus were masculine distinction 
could not be made. Flabellifer may be an 
adjective and either Brontes flabellifer or 
Scutellum flabelliferum is correct. 

Compound words made from Latin nouns 
are unchangeable. This has not been recog- 
nized by many persons and the endings of 
many names, such as acutangulus, binoculus, 
unispinus and laevicauda have been used in 
the wrong gender originally or have been er- 
roneously changed to conform with the 
gender of another genus. 

Combinations derived from Greek nouns 
are somewhat different. Mention has been 
made, in connection with generic genders, 
that such words can be either nouns or ad- 
jectives and it is not always possible to de- 
termine which usage was intended. Probably 
most of them, particularly the older names, 
were introduced as nouns. If so, hydro- 
cephala and ceratophthalmus are correct re- 
gardless of whether they are associated with 
Proetus (m.), Cyphaspis (f.) or Otarion (n.). 
If, however, such names were used as ad- 
jectives the gender endings would change. In 
this connection attention needs to be di- 
rected to the common Greek declension -os, 
-on, usually written in the corresponding 
Latin forms -us and -um. In this declension, 
however, the masculine and feminine end- 
ings are identical and an -us ending for a 
feminine adjective is proper. Thus in their 
adjectival form X-a metopus, anurus, hydro- 
cephalus, anophthalmus, etc. are correct.° 
Because such names are common, it is im- 
portant that names of Latin and Greek 
origin be distinguished. 

Change in the gender ending of a specific 
substantive may completely alter the mean- 
ing of the word as, for example, changing 
Terebratula pugnus (fist) to T. pugna (fight) 
or Rhynchonella pila (ball) to Uncinulus pilus 
(hair). These specific names are all nouns 
and different words, not variations of each 
other. 

Certain nouns may be used in either a 
masculine or feminine form depending upon 
the sex of the individual to which each re- 
fers, and this does not have any necessary 


9 If these names are Latinized Greek adjec- 
tives, the feminine ending -a is correct. 
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relationship to the gender of the genus with 
which such specific names may be associ- 
ated. For example victor and victrix are dif- 
ferent words and after one has been used as 
a specific name it is not subject to change 
when transferred to a different genus. Also 
there is no necessity for such a specific name 
to conform in gender to the genus with 
which it is first used. The titles of Maria 
Theresa included the words /mperatrix and 
Rex. This was considered correct usage pre- 
sumably because one referred to her per- 
sonally as the ruler of the Austrian Empire 
and the other to the position which she held 
in the Kingdom of Hungary. Pairs of words 
of this type are just as distinct as words of 
different derivation indicating similar rela- 
tionship like vir and wuxor, ‘man’ and 
“‘wife.’’ Words of this general type have 
been incorrectly changed as from geometra 
to geometres even though the direct mascu- 
line form geometrus was avoided.'° 
Latinization of Greek nouns used for 
species may obscure their derivation and 
make their recognition as substantives dif- 
ficult or impossible. No trouble is encoun- 
tered in Walcott’s name Pagetia lotos as the 
specific name is a direct transliteration of 
the Greek word for “‘lotus.’’ The situation 
with regard to his Conokephalina belus is 
different and because the derivation of this 
specific name was not given, it is uncertain 
whether it comes from the Greek word for 
“arrow” or from the Greek name of the 
mythological founder of Babylon. Because 
of Walcott’s known penchant for mytho- 
logical references the latter is probably cor- 
rect. This word, however, is certainly a noun 
and no doubt arises with such familiar 
Greek words as alala, bia, comus, etc. Pty- 
choparia bromus is somewhat different. Ap- 
parently this specific name is the Greek 
noun, ‘‘noise,’”’ but if so it is nonsensical. If 
it had been intended as an adjective, how- 
ever, it should have been spelled bromius. 
Crepicephalus damia, which is correct, has 
been changed because the mythological deri- 
vation of this specific name, not mentioned 
by Walcott, has not been recognized. Many 


10 Geometra and geometres are different forms of 
the same word, both are masculine nominative 
singular. There is no such form as geometrus in 
Latin. 
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other Walcottian names, such as acidalia, 
belenus, burea, bura, irma, sorge, tubia, uta 
etc. may be of classical or mythological der. 
ivation, but they are not listed in current 
dictionaries and their origins are obscure or 
unknown." It is not surprising that they have 
given rise to many irregularities. 

The principle which permits the formation 
of generic nouns from other parts of speech 
has also been applied to the formation of 
specific names and many words of this type 
have been coined which imitate familiar 
classical words. In them the root, whether 
classical or not, may be recognizable in com- 
bination with an ending which usually has 
a Latin appearance. Such specific names as 
fragmenta and partibus”® (a newer species of 
Archaeocyathus) are of this nature. Probably 
they should all be considered adjectives, but 
it is understandable that they have resulted 
in confusion. 

Meaningless specific names may _ be 
formed by arbitrarily combining letters and 
they may be difficult to distinguish from 
names derived from non-classical words. It 
is not even necessary for such names to have 
classical endings and no fundamental ob- 
jection can be made to such a specific name 
as monok. Such names may be either nouns 
or adjectives. 

Mistakes also result from simple ignorance 
of the classical declensions although they 
are much less common. For instance, the 
species Anopolenus impar and Centropleura 
pugnax when transferred to Clarella have 
been changed to C. imparts and C. pugnacis. 
These forms are the genitive and not the 
feminine nominative as was intended. These 
latter specific names are not permissible al- 
terations of the former but different names 
and therefore, synonyms. 


SUGGESTED REMEDY 
The foregoing examples and explanations 
indicate some of the more common or obvi- 
ous difficulties that have resulted in the pre- 
vailing instability of specific names. Some 
reasonable method of eliminating or avoid- 


" The derivations of most of these names can 
be determined. 

12 These have the forms of nouns in some case 
other than the nominative singular. 
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ing the pitfalls that lead to error and in- 
stability is urgently needed, and if a suitable 
one can be found it would probably be wel- 
comed by most paleontologists. The problem 
is divisible into two parts, as indicated in 
the foregoing discussion; and they must be 
considered separately here. 

1. Recognition of the proper gender of a 
genus is often very difficult. Several solutions 
to this problem have been suggested or seem 
possible. More than a hundred years ago 
Montfort attempted to change the gender 
of all genera to masculine by altering their 
endings. This was ill-advised because his 
alterations of spelling created new independ- 
ent names which are synonyms and unavail- 
able unless the original form is a homonym. 
Also, he preoccupied these names so that 
later use for other genera created homonyms. 

One might consider that the word genus 
(n.) is supplemental to every generic name 
and treat them as neuter without change in 
spelling. This subterfuge, however, seems 
both undesirable and unnecessary. 

A more acceptable solution can be reached 
by broadening the application of a pro- 
cedure which is already accepted and widely 
utilized in nomenclature. At present the 
name of a subspecies can be written in two 

‘forms either of which is correct: X-us albus 
albus or X-us albus subsp. alba. In the latter 
form the name alba agrees in gender with 
subspecies (f.) which is abbreviated. The dis- 
cordance in gender with the genus is quite 
apparent but this is not significantly dif- 
ferent from the relationship in the name 
Homalonotus (Brongniartella) bisulcatus 
which is generally recognized as correct al- 
though the gender connection between the 
genus and species is broken by the insertion 
of a subgeneric name of different gender. In 
such a combination the specific name is more 
closely related to the subgeneric than to the 
generic name although the genders do not 
accord. In a similar way little objection 
could be raised to writing X-us albus as 
X-us sp. alba and then by contraction of the 
latter, with the mental insertion of the word 
species, as X-us alba. Thus every specific ad- 
jective would be feminine regardless of the 
gender of the genus, but if viewed from the 
above standpoint the grammatical con- 
struction would be technically correct. This 


procedure would also be harmonious with 
the dictum in dubio pro feminitate al- 
though the latter cannot be considered as 
conferring any real authority for such 
practice. 

Elimination from paragraph a of Article 
14 of the Rules of the phrase ‘‘which must 
agree grammatically with the generic name”’ 
would be helpful in the effort to achieve uni- 
formity by this means, but perhaps this is 
not absolutely essential. The precedent of 
custom has made such construction ac- 
ceptable for subspecies and there seems to be 
no fundamental reason why it should not be 
extended to specific names as well. 

‘2. The discrimination of specific sub- 
stantives and adjectives is another problem 
not so easily solvable. However, working by 
a system of analogy and compromise a fairly 
satisfactory one may be attained. If, for 
example, the flexibility of the Greek sub- 
stantive be extended to the Latin substan- 
tive and if the common Latin gender endings 
be used in connection with Greek words, 
many difficulties disappear. Neither of these 
principles is incompatible with the growth 
and natural alteration of languages and ex- 
amples occur in the writing of some of the 
Latin poets. 

Thus all Latin nominative appositional 
substantives of the declension -us or -er, 
-a, -um, could be treated, like Greek sub- 
stantives, as adjectives and, when used as 
specific names, have the invariable ending 
-a. Other appositional substantives and all 
those in the genitive case (including those 
ending in -wm if they are undoubtedly geni- 
tives) would be unchangeable. 

Some objection might be raised to chang- 
ing the -ws ending of some Greek feminine 
substantives to the Latin -a, but if these 
words are considered to be Latinized such a 
change does not seem unreasonable. Ac- 
tually such words should cause little diffi- 
culty because the only ones likely to find 
wide application in zoology are pus for 
‘“foot,’’ odus for “‘tooth,”’ and perhaps us 
for ‘‘ear."’ Words like partibus and cibus 
also can be changed without much philo- 
logical damage. 

The main objection that can be raised to 
the foregoing suggestions is concerned with 
the possible creation of homonyms. As men- 
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tioned above, pilus and pila are different 
words and can validly stand within the 
same genus. If these substantives were 
treated as adjectives their distinction would 
disappear and homonyms would be created. 
Such a situation, however, is not likely to 
occur because such similarity in names has 
very generally been avoided. 


OTHER INSTABILITIES 


Two other causes for instability in spe- 
cific names occur. They are widely recog- 
nized and do not need to be discussed in de- 
tail here. The first results from emendations 
of spelling.” Richter suggests that the phrase 
“unless an error of transcription, a /apsus 
calami, or a typographical error is evident”’ 
be deleted from Article 19 of the Rules. 
Thus no variation from the original spelling 
of a name would be allowable. 

Instability also results from the creation 
of homonyms when species are shifted from 
one genus to another. The repeated use of a 
few common names makes this probable. 
Such words as major, minor, longus, grandis, 
parvus, etc. are particularly objectionable 
from this standpoint and also because they 
suggest comparisons that may be inappro- 
priate if a species is transferred to another 
genus. The names typus, typicus and typi- 
calis are especially to be avoided, as pointed 
out in the recommendation that accom- 
panies Article 14. If it is desirable to make 
the identity of the type species of a genus 
unmistakable, this is better shown by 
tautonomy even if incomplete. If a new 
species is to be the type of a new genus, the 
relation can be shown by choosing similar 
generic and specific names, as Eops eo. If a 
new genus is to be erected upon an already 
known species, the species name or some 
recognizable part of it can be incorporated 
in the generic name as in Cornuproetus 
cornutus. 


CONCLUSIONS 


These suggestions are made with the ob- 
jective of devising a means to correct and 
avoid some of the common inconsistencies 


8 This subject as it concerns genera has been 
_ discussed by Moore, Weller and Knight (this 
Journal, vol. 16, pp. 250-261). The conclusions 
reached are equally applicable to specific names. 


and errors that plague nomenclature, |j 
better suggestions can be made Richte 
would be delighted to have them brought to 
the attention of paleontologists. 

If these suggestions should prove accept. 
able and be adopted, many inconsistencies 
would be eliminated. Without acceptance 
and possible necessary minor changes in the 
Rules, however, paleontologists can, by 
studying the foregoing, select names for ney 
species that will be less subject to future 
variation. 

The variability of specific names is a 
matter of such practical importance that 
careful attention should be given to such 
suggestions as Richter has made, particu. 
larly at the present time when a new codi- 
fication of nomenclatural rules is under 
consideration. I am doubtful, however, con- 
cerning his proposal that all Latin nouns, 
including noncompound ones, be treated as 
adjectives and this will probably be un- 
acceptable to many persons. Also this pro- 
cedure would not eliminate all difficulties 
and might actually introduce some new 
ones. In my opinion the simplest solution 
to this whole problem could be reached by 
employing a principle that is widely ac- 
cepted in many languages including Latin, 
viz., the substantivization of adjectives. If 
all specific adjectives were considered sub- 
stantives (just as all generic names are 
substantives regardless of their grammatical 
origin), each would retain the ending exactly 
as written by the person who first introduced 
it regardless of the gender of any genus with 
which it might come to be associated. 

J. MARVIN WELLER 


RICERCHE STRATIGRAFICHE E MICROPALEON- 
TOLOGICHE SUL CRETACIO E SULL’ EOCENE 
DI TIGNALE (LAGO DI GARDA), by Maria 
Bianca Cita. Rivista Italiana di Paleon- 
tologia e Stratigrafia, Milano, 1948. Pp. 
49-74, 117-133, 143-168. 


An overturned syncline near Tignale, 
Garda Lake, northern Italy, shows a strati- 
graphic series ranging from the Lias to the 
middle Eocene. A set of 43 samples was 
collected from the Middle Cretaceous to the 
middle Eocene at regular stratigraphic in- 
tervals of about 10 feet. 

Lithologically, this section consists of (1) 
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30 feet of greenish to yellowish-gray shale 
overlain by (2) a thick series of reddish 
calcareous shales and marly limestones, 
above which there are (3) 35 to 45 feet of 
yellowish-gray argillaceous shale. Although 
the whole series has been known to lack all 
kind of macroscopic fossils, the first and sec- 
ond units have been attributed to the Cre- 
taceous and the third one to the Eocene. 

The samples yielded microfaunas consist- 
ing mostly of Foraminifera, but a few 
Ostracoda, crinoid plates and_ echinoid 
spines were also present. Most of the 
Foraminifera are calcareous and only a few 
arenaceous forms occur in the lowermost 
and uppermost clayey zones. The planktonic 
forms greatly predominate and only in the 
uppermost clayey zones are rare benthonic 
forms present. 

The described microfaunas consist of 39 
species and six varieties; two of the species 
are described as new. 

The study of these microfaunas has made 
possible a sure and exact distinction between 
the Cretaceous and Eocene. Within a strati- 
graphic interval of about 30 feet several 
Cretaceous species of Globotruncana, Giim- 
belina and Pseudotextularia gradually dis- 
appear, and after another interval of about 
20 feet, in which almost no microfossils 
occur, the first Eocene Globorotalia appear. 
There is no macroscopically visible change in 
the lithology of these strata between Cre- 
taceous and Eocene, and therefore the dis- 
tinction between these two periods is estab- 
lished on pure paleontologic grounds. Simi- 
lar continuity of sedimentation through the 
Cretaceous-Eocene boundary has been ob- 
served in other regions, as in the Central 
Apennines, Lower Provence, Aquitania, 
Southern Morocco, the Sahara basin, Egypt, 
the Near East, the Caucasus and in the 
Caribbean area. 

Further study of the microfaunas and 
comparison with Euroasiatic, African and 
American assemblages previously described 
made it possible to divide the middle Upper 
Cretaceous section into Cenomanian, Turo- 
nian, Santonian-Campanian and Maestrich- 
tian. It is of particular interest to note that 
in the lower parts of the section, i.e. Ceno- 
manian and Turonian, European forms 


characteristic of the Alpine region predomi- 
nate, whereas the upper parts, Santonian- 
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Campanian and Maestrichtian, are charac- 
terized by an abundance of American forms. 
The invasion of these American forms took 
place soon after the Turonian. 

On the whole, the Middle and Upper 
Cretaceous micropaleontologic succession 
of Tignale shows marked parallelism with 
the European succession in the Central 
Apennines, Romand Prealpes, Canton Ti- 
cino, central Switzerland and Aquitania. 
Analogies are also evident with the Upper 
Cretaceous microfaunas of the southern and 
southeastern United States, Mexico, Trini- 
dad, Morocco, Caucasus and Indonesia. 
On the other hand, no relationship at all 
appears to exist with the central and north- 
ern Europe microfaunas of similar age. 

The Eocene section is divided into two 
parts on a purely lithologic basis, the 
lower comprising the upper part of the red- 
dish calcareous shales and marly limestones, 
and the upper consisting of yellowish-gray 
argillaceous shales. The Eocene assemblages 
are related to Mexican and Caucasian micro- 
faunas of similar age. 

CESARE EmMILIANI 


THE STRUCTURE OF THE Bopy [Living 
tissues, V.J.O.] OF THE REGULAR ARCHAE- 
OcYATHI. (On the basis of a study of 
Archaeocyathus demboi, sp. nov.) A. G. 
Vologdin, Akademia Nauk S.S.S.R. Isves- 
tiia, Seriia biologicheskaia, no. 1, 1, Jan. 
Feb., 1948, Moscow (Trans. Academy of 
Sciences of the U.S.S.R., Biological Series, 
no. 1.) pp. 93-99, 2 plates. 


Dr. Vologdin is the leading Soviet special- 
ist on the pleosponges and the Lower 
Paleozoic. In this paper Vologdin describes 
certain structures found within the cup of 
Archaeocyathus demboi, n. sp., which he pre- 
sumes are the fossilized remains of the soft 
living tissues of the organism. The descrip- 
tion and illustrations indicate that the 
lower portion of the central cavity of the 
specimen in question is filled with a spongy 
mass consisting of ‘‘secondary”’ skeletal 
elements and tortuous vesicles and canals. 
The interseptal chambers of the intervallum 
are also filled with secondary calcitic matter 
leaving only narrow slits of presumably 
empty space. The canals of the central 
cavity do not necessarily connect with the 
slits in the interseptal chambers of the 
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intervallum. Capillary canals lead from the 
intervallum through the pores of the outer- 
wall to the exterior. Photographs indicate 
that the capillaries expand as they reach 
the outside becoming funnel-shaped. Thin 
calcareous membranes, bulging outward, 
can be seen to extend across some of the 
capillary canals. 

On the basis of this single small specimen 
Vologdin builds up an elaborate and highly 
imaginative picture of the structure of the 
living tissues of all pleosponges and comes 
to the conclusion that Pleospongea are 
neither Coelenterata nor Porifera, but should 
be regarded as an entirely independent 
group of organisms. 

First of all he decides that the spongy 
and vesicular calcareous mass in the central 
cavity and the tissue thickening the parie- 
ties in the intervallum represent the original 
fossilized living tissue. There is no evidence 
at all that this is so. Rather the central 
cavity structures look like normal skeletal 
tissue which is commonly found within the 
lower portion of some of the Pleospongea. 
The tissue lining the interceptal chambers is 
most likely secondary calcite deposited after 
burial. There is no reason to suppose from 
the examination of photographs and no 
evidence given in the descriptions that the so 
called ‘‘secondary”’ calcitic tissue has ever 
been soft living tissue. 

Vologdin gives considerable attention to 
the capillary canals leading through the 
outer wall to the exterior. The fact that 
canals led from the intervallum to the ex- 
terior is nothing new, nor the fact that the 
exterior of the outer wall was in life most 
likely covered by a thin layer of living tissue. 
The specimen under discussion allows only 
the additional observation that in some 
cases the pores leading through this thin 
layer of living tissue became lined with cal- 
cium carbonate. Vologdin further comes to 
the remarkable conclusion that the presence 
of occasional thin calcareous membranes 
bulging outward and crossing the capillaries 
is an indication of the direction of water 
flow, which he would have take place in a 
reverse direction to that of the sponges, 
i.e. down the central cavity, through the 
intervallum interseptal chambers, and out 
through the pores and capillaries of the 
outer wall. Formation of convex calcareous 
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membranes preventing the flow of wate; 
through the capillaries is obviously unlikely 
during life. It is more likely that the thiy 
calcareous membranes were formed after 
death, when bubbles of gas (ammonia fo, 
instance) forming as a result of the decay 
of soft tissues, and trying to escape to the 
exterior would pass through the capillaries 
and cause precipitation of calcitic mem. 
branes. The convexity of the membranes 
would then have nothing to do with the 
direction of water flow during life. 

Having reversed the normal direction of 
water flow Vologdin visualizes the vesicular 
tissue occupying the central cavity as being 
an “organ of respiration and assimilation.” 
The water entered through the osculum, 
flowed through the system of canals and 
vesicles of the central cavity, where oxygen 
and food were extracted, and then was 
passed into the intervallum chambers (of 
unknown function), to be finally ejected 
through the capillaries of the outer wall to 
the exterior. If all this were true it is quite 
obvious that the Pleospongea are neither 
Coelenterata nor Porifera and rate a phyletic 
designation of their own. 

However the writer finds himself unable to 
be convinced or impressed, for the following 
reasons: 


1. Vesicular calcareous tissue of the kind 
shown in the central cavity of Archaeo- 
cyathus demboi is present in the lower 
portion of central cups of most meta- 
cyathida, and as shown by Bedford is 
the normal developmental stage of 
skeleton building. There is no reason 
to think that it replaces the original 
soft tissues. 

2. The thick inner walls of Tercyathidae 
as well as the skeletal filling of the cen- 
tral cavity, most certainly cannot be 
described as organs of respiration and 
assimilation. 

3. The ‘‘secondary’’ matter filling the 
interseptal chambers appears as truly 
secondary thickening of the parieties 
during fossilization. It is similar to the 
ordinary thickening of coral septa dur- 
ing fossilization. It may, however, 
reflect the original presence of living 
tissue lining all the skeletal elements of 
the intervallum. 
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4. The direction of water flow postulated 
by Vologdin, and in effect his most 
startling conclusion, is not based on 
sufficient evidence, as quite obviously 
the bulging calcareous membranes in 
the capillaries are not indications of the 
direction of flow. 

5. It is much more logical to visualize 
Pleospongea as having had life func- 
tions similar to the rest of the sponges. 
This is supported by the sponge-like 
arrangement of their walls, parieties, 
and pores; their Olynthus-like nepionic 
stages; and an odd individual specimen 
like the Cambrocyathus described by 
the writer (Okulitch, 1946, Jour. 
Paleontology vol. 20, no. 3, p. 275) 
which clearly showed the fossilized 
living tissue lining the interior of the 
intervallum in the usual sponge fashion. 


It may also be noted that the specimen is 
erroneously referred to the genus Archaeo- 
cyathus. The upper portions of the cup re- 
semble Ajacicyathus or Tercyathus, while the 
filled central cavity suggests Metacyathida. 
It, therefore, appears to be a new genus. 

It is to be hoped that Vologdin, after some 
additional study, will revert to his original 
views on the essential similarity between 
Pleospongea and the rest of the Porifera. 

V. J. OKULITCH 


GENEVIEVE TERMIER ET HENRI TERMIER, 
PALEONTOLOGIE MAROCAINE I. GENER- 
ALITES SUR LES INVERTEBRES FOSSILES. 
Service Géologique du Maroc, Notes et 
Mém., No. 69. Paris 1947, 391 pp., 22 
pls. 

It is to be regretted that this stimulating 
book has been published as part of a series 
which is not readily accessible everywhere 
and which is not available in the free book 
market. It has been conceived as the first 
of four volumes on the Paleontology of 
Morocco, but it is much more than just that. 
In the preface Professor Termier states that 
the principal purpose of the entire work will 
be to provide a guide for the use of Moroc- 
can geologists, to be taken into the field for 
rapid identification of fossils, but judging 
from this first volume the work promises to 
be much more. 

This book is really an Introduction to 


Paleontology, written from unorthodox 
angles and incorporating much information 
which is not usually found in paleontological 
texts. An idea of the scope of the volume is 
given,by Mme. Termier in her concluding 
remarks of the foreword where she expresses 
hope that the reader may be able to form a 
clear, yet somewhat simplified idea of the 
complexity of the problems associated with 
the study of fossils. So the treatment is 
far from elementary and presupposes a fair 
knowledge and appreciation of the field of 
paleontology on the part of the reader. 

This is probably the only book on paleon- 
tology which recognizes and faces the pain- 
ful fact that our science deals not with fossil 
animals, but with fossilized hard parts of 
animals. Consequently a very considerable 
part of the text (about 90 pages) is given toa 
detailed description of the materials of which 
these hard parts are composed, the way in 
which they are secreted and what their 
relationships to the living animal are. This 
is easily the most useful and original part 
of the book and many paleontologists will 
welcome this excellent summary of a sub- 
ject which as a rule is treated lightly in our 
text books. 

The hard parts of the invertebrates are 
considered in groups according to their 
origin and functions and a number of new 
terms are proposed. The ‘‘Gastrosquelette”’ 
comprises the hard parts in some way con- 
nected with the digestive apparatus. Simi- 
larly ‘‘pneumosquelette”’ refers to the hard 
parts connected with respiration, and other 
terms are equally well chosen and self- 
explanatory: ‘‘gonosquelette’’ (reproduc- 
tion), ‘‘neurosquelette’’ (nervous system), 
“kinesisquelette’’ (movement), “‘phylactos- 
quelette’”’ (protection). The terms ‘‘zoodos- 
quelette’’ are used for all the hard parts 
belonging to one individual, ‘‘coenos- 
quelette” for hard parts common to several 
individuals. This terminology throws into 
relief the emphasis on the functional, bio- 
logical approach to the study of fossils. 
A special chapter is devoted to ornamenta- 
tion and its physiological significance. 

The second part of the book deals with 
the ‘“‘laws’’ of paleontology and modes of 
evolution. Principles of genetics are briefly 
discussed, although it is apparent that the 
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authors have found some difficulties in 
keeping abreast of modern developments 
here. However, many aspects such as rela- 
tive growth, preadaptation, explosive de- 
velopment and others are usefully discussed, 
and ecological factors are briefly described. 
The chapter dealing with modes of evolution 
is written from a conservative standpoint, 
but progress in this field during the last ten 
years has been so rapid that it has been 
difficult enough for any one to keep up with 
it. 

Fully two-thirds of the book are taken up 
by Part III which contains a systematic 
treatment of the invertebrate phyla. 
Throughout the approach is biological and 
evolutionary and is mostly quite original 
and unorthodox. As may be expected in a 
treatise of this kind some groups are treated 
in greater detail than others. Treatment of 
the Cephalopoda is probably the weakest 
spot, and the Eucrustacea and Hexacoralla 
might well have received a fairer share. 
The peculiar position of the echinoderms 
as ‘‘Deuterostomata”’ is made clear. Few 
paleontological textbooks take cognizance 
of this fact. The chapters on the brachiopods 
and gastropods are among the best. The 
creation of a new class ‘‘Eopteropoda”’ to 
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receive the Conularidae, Hyolithidae anq 
Tentaculitidae is probably ill-advised anq 
recent suggestions to place the Conularidae 
in the scyphozoa reamin undiscussed. |p 
every way, however, the emphasis is op 
morphology, its biologic interpretation and 
evolutionary significance. 

There are 22 plates of original drawings 
which must number between 1500 and 2000. 
All are simple and remarkably clear and 
together they cover the field to an astonish. 
ing degree. Lucid examples in this respect 
are the three plates of illustrations of echino. 
derms. The trilobites (classed as Arachno- 
morpha) are represented by 84 figures 
crowded on one plate. 

The bibliography contains 233 references 
among which there are many recent con- 
tinental papers which paleontologists in 
English-speaking countries will be glad to 
note. 

Another useful feature of the book is a 
glossary of paleontological terminology oc- 
cupying 37 pages, with explanations of an 
estimated 1000 technical terms most of 
which are more or less common to French 
and English. 

CurtT TEICHERT 





a 





ae and 
ed and 
laridae 
sed. In 
> is on 
on and 


‘AWings 
d 2000, 
ar and 
tonish- 
respect 
>chino- 
achno- 
figures 


TeNces 
t con- 
sts in 
lad to 


k isa 
3Y OC- 
of an 
st of 
rench 


=RT 








ee OL 











JOURNAL OF PALEONTOLOGY, VOL. 24, NO. 4, PB: 517-524, JuLY 1950 


SOCIETY RECORDS AND ACTIVITIES 


REPORTS AND MINUTES OF THE TWENTY-FOURTH ANNUAL MEETING 
OF THE SOCIETY OF ECONOMIC PALEONTOLOGISTS 
AND MINERALOGISTS 


The twenty-fourth annual meeting of the 
Society of Economic Paleontologists and 
Mineralogists was held at the Stevens Hotel 
in Chicago, Illinois, April 25-27, 1950, in 
conjunction with the annual meeting of The 
American Association of Petroleum Geolo- 
gists. 

The Presidential Address of the Society, 
“Cycles,” was given by H. B. Stenzel in the 
joint session on Tuesday, April 25, 1950. 

The S.E.P.M. met with the A.A.P.G. for 
papers on reefs, Tuesday, April 25, from 
2:00 to 5:00 P.M. 

The first part of the technical program of 
the Society, with W. C. Krumbein and M. 
L. Natland presiding, began at 9:00 a.M., 
Wednesday, April 26, and continued until 
12 noon. The following papers were pre- 
sented. 


Symposium on Turbidity Currents 


M. L. Natland, “Sedimentary features 
suggesting turbidity flow in deep southern 
California Tertiary basins” 

Howard R. Gould, ‘‘Quantitative aspects 
of Lake Mead turbidity currents’”’ 

Fred B. Phleger, ‘‘Faunal evidence for 
mass movement of submarine sediments” 

Francis P. Shepard, ‘“‘Mass movement of 
sand into deep water”’ 

Ph. H. Kuenen, ‘Properties of turbidity 
currents of high density”’ 

Henry W. Menard and J. C. Ludwick, 
“Theoretical aspects of density currents’’ 

The second part of the technical program, 
with E. S. Barghoorn presiding, was pre- 
sented from 1:30 to 4:00 p.m., Wednesday, 
April 26. The following papers were given. 


Symposium on Applied Paleobotany 


James M. Schopf, ‘Plant microfossils 
and Paleozoic stratigraphy”’ 

Aureal T. Cross, ‘‘Paleobotanical criteria 
applicable to Devonian-Mississippian black 
shales”’ 

Theodor Just, ‘Mesozoic plant micro- 
fossils and their geological significance”’ 


L. R. Wilson, ‘‘Composite micropaleon- 
tological study methods and their applica- 
tion to Tertiary and near-Recent strati- 
graphy” 

E. S. Barghoorn, ‘“‘Age and environment: 
survey of North American Tertiary floras 
in relation to paleoecology”’ 

The third part of the technical program, 
with W. H. Twenhofel, Gordon Rittenhouse, 
R. Dana Russell, and Cecil G. Lalicker 
presiding, was presented in a general session 
from 9:15 a.m. to 3:40 p.m., Thursday, 
April 27. The following papers were read. 

Grover E. Murray, ‘‘Lithologic facies of 
Jacksonian stage, central and eastern Gulf 
Coast” 

Raymond Sidwell and G. Frederick Warn, 
“Pennsylvanian sedimentation in north- 
eastern Socorro County, New Mexico” 

FE. L. Lucas, ‘“Petrographic study of 
Pennsylvanian sandstones in Murray 
County, Oklahoma” 

W. C. Krumbein, “Occurrence and litho- 
logic associations of evaporites in United 
States” 

Marshall Kay, ‘‘Volumes of North Ameri- 
can sediments” 

D. J. Doeglas, ‘Sedimentary petrology as 
a geological method”’ 

A. F. Frederickson, Norman S. Hinchey, 
and Henry Hill, ‘Differential thermal 
analysis—new tool for correlation”’ 

W. Armstrong Price, ‘‘Lagoonal accretion 
flat”’ 

Stuart A. Levinson, ‘“‘Thin sections of Pale- 
ozoic Ostracoda and their bearing on 
morphology and taxonomy” 

Erhard Winkler, “Stratigraphic value of 
Pliocene Ostracoda in Vienna _ Basin, 
Austria”’ 

Frederick M. Swain, ‘‘Mesozoic Ostra- 
coda from subsurface of eastern North 
Carolina”’ 

Harbans S. Puri, ‘‘Lower Tertiary beds of 


Indian region, with special reference to 
Cretaceous-Eocene and Eocene-Oligocene 
boundary” 
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Allen F. Agnew, ‘‘Facies of Middle and 
Upper Ordovician strata in Iowa”’ 

Cesare Emiliani, “Introduction to method 
for determining physical characters of fossil 
environments” 

The meeting adjourned at 3:40 P.M. 


The annual business session of the Society 
was called to order at 3:45 p.M., Thursday, 
April 27, by H. B. Stenzel, and roll was 
taken of the members present. 

The minutes of the 1949 meeting were ap- 
proved as published in the Journal of 
Paleontology, vol. 23, no. 4 (July, 1949). 

The following reports were given. 

1. Treatise on Invertebrate Paleontology.— 
Raymond C. Moore reported on the progress 
of the Treatise on Invertebrate Paleontol- 
ogy, which is sponsored by the S.E.P.M. 
and other organizations. The Geological 
Society of America contributed $25,000 for 
illustrations and other expenses. The first 
volume on bryozoans will be issued this year 
and will be printed by the University of 
Kansas Press. 

2. Report of the Editor of the Journal of 
Paleontology (J. Marvin Weller).—Volume 
23 of the Journal of Paleontology, issued in 
conjunction with the Paleontological Society 
in 1949, contains 700 pages and 103 collo- 
type plates. Published in it are 48 paleon- 
tological papers, 3 bibliographies, one paper 
on classification, 12 paleontological notes, 
11 nomenclatural notes, 1 note on tech- 
nique, 5 reviews, data relating to the mem- 
bership and activities of the two societies 
and other miscellaneous material. 

The March, July, and November numbers 
were prepared by your editor on behalf of 
the Society of Economic Paleontologists 
and Mineralogists. These numbers consist of 
372 pages and 45 collotype plates, a reduc- 
tion of 111 pages and 15 plates as compared 
with the previous volume. The contributions 
in these numbers may be classified as 
follows: 
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Paleozoic Mesozoic Cenozoic 


Protozoans...... 1 3 
Graptolites.... 
Cosmis....... 
Conodonts...... 
Crin@igs........ 
Pelecypods...... 1 
Gastropods...... 1 
Scaphopods..... 
Cephalopods... . 
Trilobites. . . . 
Ostracodes...... 


mm Ge O 


me eet Cy ee 
— 


Eight papers describe or name fossils from 


foreign countries. In addition are a sym. 


posium of 7 papers on a South American 
fauna, 2 bibliographies, 5 nomenclatural 
notes, 8 paleontological notes, 4 reviews, 
etc. 

Manuscripts are being received at a 
steadily increasing rate and in excess of that 
at which they can be published. Work on 
the index to the first 20 volumes of the 
Journal has slowed down because there does 
not seem to be prospect for its prompt pub- 
lication. 

3. Report of the Managing Editor of the 
Journal of Sedimentary Petrology (Jack L. 
Hough).— During the year 1949 the Journal 
published 15 articles totalling 120 pages, 
In addition, there were notices and reviews 
totalling 12 pages. The carrying of ad- 
vertising was initiated by the appearance 
of a one-quarter page advertisement in the 
December number. During the year a very 
large number of manuscripts was received, 
building up a two-year backlog of unpub- 
lished material. Plans for increasing the 
Journal to four issues per year, instead of 
three, have now been approved by the 
Council. 

The present Managing Editor assumed 
active charge of editorial matters in June, 
1949, and the editorial office was established 
in Urbana, Illinois. 

4. Report of the Secretary-Treasurer (Cecil 
G. Lalicker).— 
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BACK VOLUME SALES 


Back volumes of the Journal of Paleontology... ...... 2.2... 060.050 e eee eee eens $4,368.10 
Back volumes of the Journal of Sedimentary Petrology....................-.....055 1,094.03 


PRINTING AND ENGRAVING BILLS FOR 1949 


Journal of Paleontology 
Total Printing S.E.P.M. Total 
nd 





Banta Meriden a Printing and 
Printing Bills Engraving Bills Engraving Bills Engraving Bills 
Number 1 (January)*........ $1,505.73 $ 742.86 $ 2,248.59 
Number 2 (March).......... 1,835.91 638.59 2,474.50 $2,474.50 
Number 3 (May)*.........-. 1,284.64 690 .08 1,974.72 
Number 4 (July).........--- 1,481.20 316.08 1,797.28 1,797.28 
Number 5 (September)*.... .. 1,719.09 371.50 2,090.59 
Number 6 (November)....... 1,727.48 465.40 2,192.88 2,192.88 
$9 554.05 $3,224.51 $12,778.56 $6 , 464.66 
0 ee ($9, 153.82) ($3 , 726.39) ($12,880.21) ($7,273.45) 


* Odd numbers paid by Paleontological Society. 
Journal of Sedimentary Petrology 


Ne cus oka ng AMEN R RE MN $ 628.58 
er ere eee . 630.93 
je a ee 652.59 
$1,912.10 

ee I Sk. he cddioy et iw twoooectes ($1,596.83) 


MEMBERSHIP, MAILING, AND JOURNAL STATISTICS 


March March March 
1950 1949 1948 


1. S.E.P.M. Membership: 














ci had da Sewer eae ee Na Renee 479 380 321 
IEEE oo ior oa fro ok sc isc Sen cyt ae ceases Sasa 193 146 101 
lone tinea cheba seer ed Ree eeu ere ase eed oe 5 
aan eho eee cee nue ganeaeeneeae tet aes 677 526 422 
2. Journal of Paleontology Mailing List: 
ee aN PRIN oo eich. ee bcd Wine cae sean sdeen os 319 261 239 
Sat.t-. Aosaciste NOCMINEES...... 55.266 s ce scwwevvcoessewewe wo Lae 84 67 
eo ee Pb Redan sien caches le MESSRS WE OTST An ER 505 497 464 
NNN Ecce cence ce linn ecco eo Stee OL ORIR ae mn RAR eRe Ee 390 393 395 
Ep EE ana OMENS ee TT CPE ere eee Gal eer ee 1,324 1,235 1,165 
3. Journal of Sedimentary Petrology Mailing List: 
Oe Se ere eee 279 209 166 
ne Oe eee ere reer eer ere ree aa ee 66 38 
rs CIID. 5 5 oc vere teneenrivsarteereeens tp 5 
IRR ee increta aula ee Fate RON as cos Me 422 378 
ee ee ee eee eer ener Re Oe PORT Cty ree 795 697 582 
4. Number of pages in 1949 Journal of Paleontology.......... ........ 700 (813, 1948) 
5. Number of plates in 1949 Journal of Paleontology........ ae 103 (124, 1948) 
6. Total edition of 1949 Journal of Paleontology.....................-- 1,500 (1,500, 1948) 
7. Number of pages in 1949 Journal of Sedimentary Petrology.......... 138 (135, 1948) 
8. Total edition of 1949 Journal of Sedimentary Petrology.............. 900 (800, 1948) 
New Members from March 1, 1949, to March 1, 1950.................. 97 (62, 1948-1949) 
New Associates from March 1, 1949 to March 1, 1950........... ....... 57 (54, 1948-1949) 
Transfers to active membership, March 1, 1949, to March 1, 1950....... 5 (5, 1948-1949) 


Reinstatement to active membership, March 1, 1949, to March 1, 1950 5 (0, 1948-1949) 
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FINANCIAL STATEMENT FOR THE YEAR ENDED DECEMBER 31, 1949 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
CERTIFICATE OF INDEPENDENT PUBLIC ACCOUNTANTS 


To the Council 
Society of Economic Paleontologists and Mineralogists: 


We have examined the balance sheet of Society of Economic Paleontologists and Mineralogist 
at December 31, 1949 and the related statement of income and surplus for the year then ended. Oyr 
examination was made in accordance with generally accepted auditing standards, and accordingly 
included such tests of the accounting records and such other auditing procedures as we considered 
necessary in the circumstances. 

In our opinion, the accompanying balance sheet and statement of income and surplus present 
fairly the financial position of Society of Economic Paleontologists and Mineralogists at December 3} 
1949, and the results of its operations for the year then ended, in conformity with generally accepted 
accounting principles applied on a basis consistent with that of the preceding year. 

ARTHUR YOUNG & ComPAny 
TuLsA, OKLAHOMA, 
January 23, 1950 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BALAN CE SHEET 
AT DECEMBER 31, 1949 





ASSETS 
CURRENT ASSETS: 
i ay Soa aw ae es wo hs OS ero, a PN eae ee ete .. § 8,213.37 
Ee ee ee Se ee 4 saa : 2,345.77 
Accounts receivable less reserve, $41.89...... ere Dy tere ies Feces 282.9 
CE ee er .. $10,842.04 


PUBLICATIONS: 
Journal of Paleontology: 
Issues prior to 1949—20,522 at $.50 each (3,380 complete volumes) $10,261.00 








Issues 1 to 6 of 1949—421 journals at cost............... 608 .50 
Reprints in 1948, Volume 1, 1927—868 volumes at cost... .. ees 1,917.76 
Journal of Sedimentary Petrology: 
Issues prior to 1949—2,219 journals at $.50...... 1,109.50 
Issues 1, 2 ahd 3 of 1949—232 journals at cost......... sig 224.62 14,121.38 
FURNITURE AND FIXTURES less reserve, $539.43........... paws 1.00 
DEFERRED CHARGES...........-.. Sa MOR TSEAY tetera Rroe atta SIGS Sy one 404 .25 
$25 , 368.67 
LIABILITIES AND SURPLUS 
CURRENT LIABILITIES: 
RCOOAMUG WAVBONO 5c 5.06 6a tiie Kee eee oe + wh Sen Se ee Me Drew eewes Ape 
Amount payable to Paleontological Society........ Nae ee ee eee et 2,112.0 
i Gia bce neh au ee ORS —~s. SS 284 
DEFERRED INCOME: 
Subscriptions to journals, less $961.54 payable to Paleontological So- 
ree ees tre choos Dhcneresbiets ie. 9 ws ae cane 3225406 
Membership dues for 1950 and 1951. . eee rier ae 2 422 20 5,977.06 
SURPLUS (per attached statement)............0..5050 cece eee eee 16,090.20 


$25, 368.61 
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SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
STATEMENT OF INCOME AND SURPLUS 
FOR THE YEAR ENDED DECEMBER 31, 1949 








NCOME: 
P Membership dues and subscriptions: 
Journal of Paleontology and Sedimentary Petrology............. $ 1,256.00 
Journal of Paleontology... ..............-.-.eeeeeeeeeeeeeereee 4,782.90 
Journal of Sedimentary Petrology. ..................-----000+5 2,073.72 $ 8,112.62 
Sales of back numbers: 
Journal of Paleontology, Volume 1, 1927..................... $ 488.65 
Journal of Paleontology, Volumes 2 to 23..................... 3,639.20 
Journal of Sedimentary Petrology. .....................00005 1,261.98 5,389.83 
EO OCT TOT TT TTT E TOT OTe OT Te 349.71 
Donation from American Association of Petroleum Geologists... . . 3,000.00 
RISER SSS SoS AIS TREE Serpe etna ake Olen RO Rene 166.73 
SNe eat a ocala cites since are 268 .98 
$17 ,287 .87 
Less: Proportion of 1949 income accrued to Paleontological So- 
* | aE ere erry Terre eer re rere ee 1,210.65 
$16,077.22 
coSTS AND EXPENSES: 
Cost of printing: 
chic gs inks sented een ee neiswonesanes $ 6,792.26 
Journal of Sedimentary Petrology. .................0:eeeeeeees 2,671.32 
$ 9,463.58 
ER CON TE ree Ee a er L oe een 1,996.88 
EI ETOTE TT ET ET TELCOS ETC O LETC e eT ere 754.90 
ee hn Chl pak eae RAS em Se wa a wae aie 766.48 
I corto ok Curie ohn ats ond ear statin gee aera 768 .00 
NR SSG Sorc sien ies gh 5 oe eh Gn LAA Le ea ON 46.79 
SS OSS Rae ARCO eee Rarer meen etree oa Bar ark any rr a reagret eR Bate ee 100.00 
a en ESTER I DE RR PRE ena Te ee en Pe gee ee a a 34.02 
aha La Rare aad ae 4 aS maga Ade oe we aes 155.44 
$14,086.09 
Adjustment for decrease in inventory of publications............... 2,609.38 $16,695.47 
NR as Ne PN ne aie tae eet es nian SOU em eo LA eis TS $ (618.25) 
en SREP BO ON a ia ccd nee Fe oa alee a ine aia SOR wets 16,708.45 
eres ae CD es kc, os i Aa eee wah Serco s Ries ule Oe hie ea eae $16,090.20 


It was moved by R. Dana Russell, All members of the previous year’s large 
seconded, and approved that the reports be committee of 34 were asked to continue 


accepted. their services. In addition, several new 
It was moved by R. C. Moore, seconded members were appointed and the country 
and ‘approved that the editors, secretary- was divided into districts with a regional 


treasurer, president, and other officers of the representative designated for each district. 


Society be given a very cordial expression of This regional representative was charged _ 


thanks for their large labor of love devoted _ with the responsibility of actively furthering 
to the Society for the past year. the functions of the committee and the 

5. Report of the Committee on Members and progress of the Society in his district with 
Papers (Hollis D. Hedberg, Chairman).—The _ the particular assistance of such other mem- 
objectives undertaken by the original com- bers of the committee as were resident in 
mittee in 1948 of securing new members for _ this same district. The organization attained 
the Society and worthy papers for the by the end of the year is as follows: 
Journals were carried on during 1949-1950. 


> 
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Paciric Coast: (California, Washington, 
Oregon, Nevada) 

Herschel Driver (Regional Representa- 

tive), M. N. Bramlette, K. O. Emery, C. 

M. Gilbert, J. H. Mackin, George Thomp- 

son, A. O. Woodford 
Rocky Mountain District: (Montana, 
Idaho, Wyoming, Utah, Colorado) 

J. Harlan Johnson (Regional Representa- 

tive), L. W. Leroy 
TEXAS, ARIZONA, NEW MExico, SOUTH 
LOUISIANA DISTRICT: 

J. A. Waters (Regional Representative), 

Cc. C. Albritton, E. D. McKee, G. E. 

Murray 
OKLAHOMA, ARKANSAS, NORTH LOUISIANA 
DIsTRICT: 

M. P. White (Regional Representative) 
Wicuita District: (Kansas, Nebraska, and 
the Dakotas) 

H. A. Ireland (Regional Representative), 

R. C. Moore 
GREAT LAKES AND MICHIGAN DISTRICT: 
(Minnesota, Iowa, Missouri, Illinois, Michi- 
gan, Indiana, Westernmost Kentucky, and 
Tennessee) 

H. A. Lowenstam (District Representa- 

tive), S. G. Bergquist, G. J. Bouyoucos, 

J. L. Hough, K. M. Hussey, W. C. 

Krumbein, F. J. Pettijohn, G. Ritten- 

house, A. C. Tester, S. A. Tyler, H. R. 

Wanless 
APPALACHIAN District: (Ohio, West Vir- 
ginia, Western New York, Western Penn- 
sylvania, Eastern Kentucky, Eastern Ten- 
nessee) 

E. M. Spieker (District Representative), 

H. L. Alling, P. D. Krynine, I. T. Wilson 
SOUTHEAST GULF DIstTRICT: (Mississippi, 
Alabama, Georgia, South Carolina, Florida, 
Cuba, and the Bahamas) 

D. W. Gravell (Regional Representative) 
CapitaAL District: (Delaware, Maryland, 
District of Columbia, Virginia, North 
Carolina) 

L. G. Henbest (Regional Representative), 

C. B. Brown, R. H. Fleming, H. S. Ladd 
NEw York District: (New Jersey, Eastern 
Pennsylvania, Eastern New York) 

J. H. C. Martens (District Representa- 

tive), Marshall Kay, F. B. Van Houten 
NEW ENGLAND DISTRICT: 

H. C. Stetson (District Representative), 

R. R. Shrock 


VENEZUELA: 
A. N. Dusenbury 
FOREIGN UNSPECIFIED: 
Brooks Ellis, Hans Thalmann 


Each district representative was asked ty 
survey his particular district for prospective 
candidates for membership among company 
laboratories, educational institutions, and 
Government geological organizations, ([y 
several districts, lists of prospective mem. 
bers had already been made during the 
previous year.) Special invitation letters 
were printed and furnished to each district 
representative to be sent out, together with 
application forms to such prospects as 
could not be contacted personally. The 
membership record of the Society for the 
two years of the committee’s existence is as 
follows: 


March 1948—422 members 
(full and associate) 

March 1949—535 members 
(full and associate) 

March 1950—677 members 


(full and associate) 


The addition of 142 new members during 
the last year represents an increase in 
membership of more than 25 per cent over 
the previous year’s total. Moreover, only 
since March 1st, 25 additional new members 
have paid their dues, 38 additional new ap- 
plications have been approved, and 12 more 
applications are being processed. 

Along with the drive for increasing the do- 


mestic membership of the Society, the com- | 
mittee has also launched a program for in- 


viting outstanding foreign workers in 
paleontology and sedimentary petrology to 
associate themselves with the Society and to 
submit papers for publication in its Journals. 
It is hoped in this way to make the Society 
and its publications more international in 
aspect. The committee’s campaign for 
foreign membership is only just getting 
under way and while some 200 invitations 
have already been sent out and a number of 
new foreign membership applications have 
been received, it is too early to say just how 
successful it will be. In this connection, 
while in Europe last fall, the chairman found 
an enthusiastic reception there to the idea 
of making S.E.P.M. and its Journals more 
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international in scope. The principal diffi- 
culty is that of dollar exchange for dues. 
There was also the thought that the 
Journals should be prepared to publish 
papers, or at least abstracts, in foreign 
languages, although it was agreed that 
in most cases foreign authors would prefer 
to have their papers published in English. 
As regards foreign membership, it should be 
noted that full membership in the Society 
is limited to members of the A.A.P.G. and 
therefore most foreign members will come 
in ‘only as associates since the combined 
dues of A.A.P.G. and S.E.P.M. constitute 
a severe financial obstacle under present 
exchange conditions. 

With regard to papers for the Journals, 
evidence of the activity of the committee is, 
of course, not very tangible but considerable 
attention has been given to steering good 
papers toward these Journals. The action 
which is being taken toward increasing the 
international character of the membership 
roll should also result in a broadening of the 
scope and viewpoint of the Journals through 
the bringing in of more papers of foreign 
origin. 

It was moved by R. Dana Russell, 
seconded, and approved that this report be 
accepted. 

6. Report of the Research Committee (M. L. 
Natland, Chairman).—The efforts of the 
S.E.P.M. Research Committee were di- 
rected toward providing a symposium for 
the annual meeting at the Stevens Hotel, 
Chicago, April 26, 1950. Many suitable 
topics for a symposium were suggested by 
the members at the 1949 meeting in St. 
Louis. It was left to the discretion of the 
chairman to select the topic most suitable 
for discussion in symposium fashion. It was 
decided, after due deliberation, that the 
phenomenon of turbidity currents would 
form an excellent topic for symposium. 

The following members of the Committee 
were working on research problems with 
a definite bearing on this subject and were 
therefore asked to present papers: Fred 
B. Phleger, Scripps Institution of Oceanog- 
raphy, La Jolla, California; Francis P. 
Shepard, Scripps Institution of Oceanog- 
raphy; and M. L. Natland, Richfield Oil 
Corporation, Los Angeles, California. 

Ph. H. Kuenen, of the Geologisch In- 
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stituut, Groningen, Netherlands, was in- 
vited to participate in this symposium be- 
cause of his recent experiments in this field. 
Also, Henry W. Menard and J. C. Ludwick, 
of the U. S. Navy Electronics Laboratory, 
San Diego, California, were asked to provide 
a paper on the theoretical aspects of turbid- 
ity currents, and Howard R. Gould, of the 
University of Southern California, Los 
Angeles, was asked to present a paper on the 
turbidity current activity in Lake Mead. 

The above-listed men were on hand to 
present their papers at our Chicago sym- 
posium, which was held in the South Ball- 
room, Stevens Hotel, Wednesday morning, 
April 26. Approximately 300 people were 
present at the meeting and, judging from the 
discussion at the meeting and afterward, the 
program was well received. It is the opinion 
of the chairman that much interest was 
directed toward a sedimentary function 
which, when properly understood in all its 
ramifications, will modify appreciably our 
thinking along methods of sedimentation 
and, possibly, erosion. 

At a brief meeting of the Research Com- 
mittee, immediately after the symposium, 
it was decided that hereafter the member- 
ship of the committee should be set up so 
that each member will serve for a two-year 
period, with two members being added and 
two dropped at the end of each two-year 
period. The tour of office of the various 
members should be overlapped one year so 
that at all times the committee will not be 
without some members who know what has 
transpired during the previous year. The 
chairman of the committee should not hold 
office for a period longer than two years. The 
selection of the chairman shall be the func- 
tion of the President of the S.E.P.M. 

It was moved by W. C. Krumbein, sec- 
onded, and approved that this report be 
accepted in the form in which it is herein 
published as Mr. Natland’s illness prevented 
his attending the business meeting. 

It was moved, seconded, and approved 
that the following resolutions be made. 


BE IT RESOLVED: 


THAT the Society extend an expression of 
thanks to Manley L. Natland, chairman of 
the Research Committee, for the excellent 
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research program for the 1950 annual meet- 
ing in Chicago; 

THAT an expression of appreciation be 
extended to Hollis D. Hedberg, chairman of 
the Committee on Members and Papers 
for his splendid service in obtaining material 
for publication in the Journals and for 
securing the overwhelming number of new 
members for the Society; 

THAT Lynn K. Lee, chairman of the 
A.A.P.G. Technical Program Committee be 
commended by the Society for the excellent 
manner in which the 1950 annual meeting 
was handled by the local committees; 

THAT the Society express its gratitude to 
the American Association of Petroleum 
Geologists for its March, 1949, contribution 
of $3,000; 

THAT the Society extend an expression 
of thanks to the Stevens Hotel for the very 
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satisfactory manner in which it has handleg 
the 1950 annual meeting in Chicago; 

THAT L. L. Sloss, chairman of the Tech, 
nical Program Committee, be commended 
by the Society for the high quality of the 
papers secured for the 1950 program; 

AND THAT the Society extend an ge. 
pression of thanks to the A.A.P.G. Exegy. 
tive Committee for its praiseworthy map. 
agement of the 1950 annual meeting jg 
Chicago. 

The results of the election of officers by 
mailed ballot, for the new year, were’ap. 
nounced by outgoing President H. BR 
Stenzel as follows: President, William ¢ 
Krumbein; Vice-President, Gordon Rittep. 
house; Secretary-Treasurer, Cecil 6G, 
Lalicker. 

The business session adjourned at 4:4 
p.M., Thursday, April 27, 1950. 


— 
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R. C. Moore, Lawrence, Kans. 1947. 
W>P. Wooprine, Washington, D..C,, 1948., 
WINIFRED GotpEine, Albany; N. Yi "1949. 


E. F. Days * 
. Hoover Mack 


oar 
CHARD J. Rupees. 





